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xivForeword
"Whydon’tyoucometoSolomonIslandsandtrytosetupatelepathologylinkforus?",Hermann
Oberli asked me in 2001. Before I really knew where these islands were, I had agreed to try
to help him set up a telepathology service for the National Referral Hospital in Honiara, the
country’s capital, where he was working as a surgeon at that time. The possibility to deliver
pathology diagnosis over Internet to a place as remote as Honiara added a fascinating dimension
to our telepathology project, where so far we had considered the other end of Switzerland a far
away place.
However, once the technical problems were solved, new questions came up: How accurate are
diagnoses deliveredovertelepathologyunder thegiven conditions? How useful are such distance
diagnoses for the surgeons? Despite these uncertainties the idea spread rapidly; and soon there
were consultations coming from Cambodia, Bangladesh, Laos, Iran and other countries. How
should we organise our group of volunteering pathologists to address the increasing number of
consultations?
Yet anotherdimensionwas added to theproject when wewere approached by peoplewhowanted
to use the same platform for the organisation of regional telemedicine networks. This raised the
question whether this form of telemedicine was only feasible for international collaborations or
whether regional networks within resource-constrained areas were equally feasible. By a twist of
fate I got in contact with Lech Banach from the University of Transkei in Mthatha, South Africa,
and the idea for a project within one of the least developed regions of South Africa emerged.
At this time I decided to turn the whole thing into a PhD project; and in the end I spent a most
interesting year as a guest researcher in Mthatha trying to implement a regional telemedicine
network.
As a result of these various collaborations with different countries and within different medical
specialties and on all levels of health systems we started gradually gaining a better insight into
health care systems of developing countries. While there had been several pilot projects on im-
plementing telemedicine services in developing countries, we came to realise that there was little
understanding on the impact of telemedicine on health care systems in resource-constrained ar-
eas: Can telemedicine improve access and quality of care or decrease cost of care delivery? Will
telemedicine only help to improve diagnosis for an individual patient or would it be possible to
use telemedicine as a vector for a sustainable knowledge transfer and thus contribute to strength-
ening health systems at large?
The research presented in this thesis is not based on an initial hypothesis but has been driven
by very practical needs. This has led to a series of actions from which new questions arose,
xveach demanding its own reﬂection. Although the development of a technical platform feasible
for organising telemedical collaboration within a large number of participants working under
very different conditions could be seen as an innovation of its own, the aim of this thesis is to
achieve a better understanding of how telemedicine impacts on health systems, to consolidate
our experiences from various different projects and to analyse the possibilities of telemedicine to
strengthen health systems.
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xixxxSummary
In many developing countries there is an acute shortage of trained medical specialists. This
does not only hamper individual patients’ access to medical diagnostics but furthermore limits
the development of health systems because a major role of the specialists is the provision of
continuous medical education of health care personnel.
The rapid development of information and communication technologies has enabled radically
new forms of virtual collaboration at a distance. So-called telemedicine enables us today to
transmit knowledge to the patient rather than to only transport patients to the centres where the
knowledgeis available; this has promisingimplicationsin particular for remoteand under-served
areas.
Initiated by a request from a Swiss surgeon from Solomon Islands, a project for supporting the
hospital in Honiara, capital of Solomon Islands, with pathology diagnoses was started between
Honiara and the Department of Pathology in Basel in 2001. After a successful start this pilot
project found broad interest, and the Internet platform that had been developed was soon utilised
by projects from other countries and medical disciplines. Thus, questions arose about the diag-
nostic accuracy of such remote diagnoses as well as about their acceptance and impact on the
local health care system. The work presented here was initiated on this background. It analyses
the applicability of telemedicine in the context of resource-constrained areas and in particular
the possibilities to extend its impact from improving individual diagnosis towards strengthening
health care systems.
A central part of this project was the development of iPath, an Internet- and email-based tele-
medicine platform, which facilitates medical consultations, knowledge exchange and continuous
education on a global scale. A particular emphasis was put on the applicability and accessibility
for users from developing countries with limited infrastructure and network connectivity. The
complete software was released under an open-source licence in order to allow unrestricted re-
use for other institutions.
The diagnosticaccuracy of this form of telemedicinewas studied in two projects from the ﬁeld of
pathology. A retrospective review of over 200 glass slides from each project revealed complete
diagnosticconcordance between the telemedical diagnosisand review diagnosisin 69% and 85%
respectively. Clinically relevant discrepancies were found in 8% and 3.3% of all examinations.
Selection ofimages bythenon-expert and communicationwere foundto havethegreatest impact
on diagnostic accuracy. Both factors can be addressed by training and organisation of workﬂow.
In comparison to submitting material for pathological examination by courier, the turn-around
time could be reduced from weeks to days or hours. Besides the more rapid availability of
xxidiagnosis, telemedicine enabled a direct dialogue between the surgeon and the pathologist and
thus facilitated an implicit permanent medical education.
The educational aspects of telemedicine were studied within the scope of a tele-dermatology
project in South Africa. Distance collaboration with a dermatologist empowered a general prac-
titioner based in a rural area to diagnose and treat a majority of patients with dermatological
problems. Besides the direct beneﬁt of saving the patients the cost of transportation to visit the
dermatologist, the general practitioner could strengthen his own diagnostic skills under direct
guidance and quality control of a specialist. As a consequence he will be able to treat more pa-
tients locally, close to their homes and families. The whole project was implemented within the
local health system in order to facilitate a future inclusion of other primary care facilities.
Regional telemedicine networks play a major role to ensure relevance and acceptability of con-
sultativeand educational telemedicine. Within the scope of the Ukrainian Swiss Perinatal Health
Program a telemedicine component was included, and it was found that the use of regional
language as well as inclusion of the regional specialists are important for the acceptance of
telemedicine and should not be neglected in a era of globalisation.
The presented results demonstrate that save and reliable telemedicine can be implemented with
limited resources. Telemedicine is suitable in particular to strengthen existing international col-
laborations and to support professionally isolated medical specialists.
Regional collaboration and inclusion of regional specialists are desirable if telemedicine shall
help to strengthen health care systems. The application of telemedicine should not only focus
on providing care to individual patients, but should explicitly incorporate skills development and
capacity building of primary care staff.
Organisation of work ﬂow and communication have been found to be the most challenging task
for the implementation of telemedicine networks. Resources must be invested not only in tech-
nology but more importantly in training and organisation. Utilisation of existing technological
infrastructure is advisable wherever possible and greatly reduces the complexity of providing
support and maintenance.
The presented telemedicine platform provides an efﬁcient tool for the organisation of interdisci-
plinary, regional and international telemedicine networks. We hope that the unrestricted avail-
ability of the software developed during this project will enable other institutions to utilise it for
their own purpose and that they will thus be able to allocate resources on the organisation of
workﬂow rather than technology.
xxiiZusammenfassung
Viele Entwicklungsländer haben einen akuten Mangel an gut ausgebildeten medizinischen Spe-
zialisten. Dies beeinträchtigt nicht nur den Zugang des einzelnen Patienten zu medizinischer
Diagnostik, sondern behindert auch die Entwicklung der Gesundheitssysteme, denn die Spezial-
isten bilden einen wichtigen Pfeiler für dielokale Aus- und Weiterbildung des gesamten Gesund-
heitspersonals.
Durch die rasante Entwicklung der Informations- und Kommunikationstechnologien eröffnen
sich heute ganz neue Möglichkeiten von virtueller Zusammenarbeit auf Distanz. Telemedizin
ermöglicht es, vermehrt Wissen zum Patienten zu bringen anstatt nur die Patienten zu den Wis-
senszentren zu transportieren; insbesondere für abgelegene und unterversorgte Gegenden ist dies
eine vielversprechende Entwicklung.
Ausgehend von einer Anfrage eines auf den Solomon Islands praktizierenden Chirurgen entstand
2001 am Institut für Pathologie in Basel ein Projekt zur Unterstützung des Spitals in Honiara,
der Hauptstadt der Solomon Islands, mit Hilfe von Telepathologie. Nach erfolgreichem Start
fand das Pilotprojekt ein überraschend grosses Echo, und die zu diesem Zweck entwickelte In-
ternetplattform wurde bald von anderen Gruppen und Fachgebieten mitbenutzt. Dadurch stellten
sich auch diverse Fragen bezüglich diagnostischer Sicherheit solcher Ferndiagnosen sowie deren
Akzeptanz und Einﬂuss auf das lokale Gesundheitswesen. Auf diesem Hintergrund entstand die
vorliegende Arbeit, in welcher untersucht wird, inwiefern sich Telemedizin in Entwicklungslän-
dern einsetzten lässt und ob dabei der Schritt von der verbesserten Diagnostik für ein einzelnes
Individuum zur Stärkung des gesamten Gesundheitswesen möglich ist.
AlszentralesElementdervorliegendenArbeitwurdeeineInternet-undEmail-basierteTelemedi-
zinplattform entwickelt, über die sich weltweit und benutzerfreundlich Konsultationen, Wis-
sensaustausch und Weiterbildung abwickeln lassen. Besonderer Wert wurde dabei auf die An-
wendbarkeitfürBenutzerausEntwicklungsländern,dienurübereineminimaleEDV-Infrastruktur
und über langsame Netzwerkverbindungen verfügen, gelegt. Zur Sicherstellung einer nach-
haltigen Verfügbarkeit wurde die gesamte Software in Form eines Open-Source-Projektes veröf-
fentlicht.
Zur Klärung der diagnostischen Sicherheit wurden zwei Projekte aus dem Gebiet Telepathologie
analysiert. Eine retrospektive Untersuchung von jeweils über 200 Gewebeproben ergab, dass
die Diagnosen am originalen Schnitt zu 69% bzw. 85% mit der Ferndiagnose übereinstimmten.
Klinisch relevante Unterschiede wurden nur in 8% bzw. 3.3% der Konsultationen festgestellt.
Die wichtigsten Einﬂussfaktoren für die Qualität der Diagnosen waren die Bildwahl durch den
Nicht-Experten sowie der Kommunikationsﬂuss zwischen den Partnern. Beide Faktoren können
xxiiidurch Training und gute Organisation positiv beeinﬂusst werden. Im Vergleich zur Abwick-
lung von pathologischen Diagnosen per Post konnte die Zeit zwischen Gewebeentnahme und
Verfügbarkeit einer Diagnose von oft Wochen auf Tage bis Stunden reduziert werden. Nebst
der schnelleren Verfügbarkeit der Diagnosen ermöglicht die Telemedizin dem Chirurgen auch,
Nachfragen an den Pathologen zu stellen, und erlaubt daher auch eine implizite Weiterbildung.
Der edukative Aspekt der Telemedizin wurde anhand eines Teledermatologieprojektes in Süd-
afrika untersucht. Die direkte Zusammenarbeit mit dem Dermatologen ermöglicht es einem
Allgemeinpraktiker in einer ländlichen Gegend, die Mehrheit der dermatologischen Probleme
vor Ort zu diagnostizieren und zu behandeln. Verglichen mit einer klassischen Überweisung an
den Spezialisten wurden so nicht nur Kosten für den Transport der Patienten gespart, sondern
der behandelnde Arzt konnte seine eigenen diagnostischen Fähigkeiten unter direkter Anleitung
und Qualitätskontrolleeines Spezialisten verbessern, sodass in Zukunft mehr Patienten näher bei
ihrem Heim und bei ihrer Familie behandelt werden können. Es wurde versucht, das Projekt
möglichst auf das regionale Gesundheitssystem abzustützen, um damit eine Ausdehnung des
Pilotprojektes auf weitere Kliniken zu vereinfachen.
Regionale Netzwerke können eine wichtige Rolle zur Sicherstellung der Relevanz und Akzep-
tanz von konsultativer und edukativer telemedizinischer Zusammenarbeit spielen. Im Ukrainian
Swiss Perinatal Health Program zeigte sich klar, dass auch in einer globalisierten Welt der Ge-
brauch der Landessprache und die Interaktion mit den regionalen Spezialisten nicht vernachläs-
sigt werden sollten. Dies gilt insbesondere, wenn eine Stärkung des Gesundheitswesen erreicht
werden soll.
Mit den präsentierten Resultaten lässt sich zeigen, dass eine sichere und zuverlässige Telemedi-
zin mit einfachen technischen Mitteln auch in Entwicklungsländern gut möglich ist. Telemedi-
zin eignet sich insbesondere zur Intensivierung von bestehender internationaler Zusammenarbeit
sowie zur Unterstützung von isoliert praktizierenden Spezialisten.
Regionale Verbindungen sind in vielen Fällen wünschenswert. Soll die Telemedizin zu einer
Stärkung des Gesundheitswesen beitragen, dann sollten die lokalen Spezialisten miteinbezogen
werden, und der Fokus darf nicht nur auf der Behandlung des Patienten liegen, sondern muss
insbesondere auch die Weiterbildung des Gesundheitspersonals miteinbeziehen.
DieSchwierigkeitenbeimAufbauvonTelemedizinnetzwerkenbestehtvoralleminderOrganisa-
tion der Arbeitsabläufe und nicht bei den technologischen Voraussetzungen. Ressourcen werden
nicht nur für die Anschaffung von Technologie benötigt, sondern in erster Linie für Training und
Support sowie zum Aufbau der Arbeitsabläufe und zur Organisation eines gezielten Informa-
tionsﬂusses. Es ist zu empfehlen, wenn immer möglich vorhandene technologische Infrastruktur
zu benutzen, da somit Wartung und Support enorm erleichtert werden.
DieimRahmendiesesProjektesentwickelteTelemedizinplattformstellteinefﬁzientesWerkzeug
zur Organisation von interdisziplinären regionalen wie internationalen Netzwerken dar. Es ist zu
hoffen, dass die freie Verfügbarkeit dieser Plattform andere Institutionen zu deren Nutzung in
eigenen Projekten ermuntern kann und dass diese dadurch ihre Ressourcen vermehrt für die Or-
ganisation der Prozesse einsetzen können.
xxivPart I.
Overview
11. Introduction
Many developing countries are facing various problems in delivering health care and medical
services to their population – lack of funds and constraint resources as well as a dramatic short-
age of trained and experienced doctors and nurses. Good quality services and medical specialists
are often concentrated in urban areas. Poor roads, limited transportation facilities and long dis-
tances are severe obstacles for providing health care services to rural communities and remote
areas. Patients can often not afford transportation to the nearest health care facility providing the
necessary medical specialty. Provision of support and continuous medical education for those
health care professionals working in rural areas are extremely difﬁcult. Is telemedicine a feasible
tool to address at least some of these issues?
In brief, telemedicine is the delivery of health care services such as diagnosis, treatment advice
and continuous education for professionals at a distance, using Information and Communication
Technologies (ICTS) to bridge the physical distance between patients and health care providers.
In the industrialized part of the world, telemedicine is more and more regarded as a viable tool
for deliveringhealth care services in rural and remote areas. Considering thelimitationsof health
care deliveryindevelopingcountries, thepossibilityto delivermedical services at a distanceis an
attractive idea and the concept of utilizing telemedicine in developing countries has been prop-
agated for a long time[176]. Few pilot studies have shown that telemedicine may be applicable
for the support of health care providers in developing countries. However, there are almost no
examples of telemedicine networks that have been sustained beyond a pilot project and that have
included more than just a few pilot sites. The only reports published in the scientiﬁc literature
are from Malaysia[139] and India[5].
In the scope of this project we have developed an open-source telemedicine platform that sim-
pliﬁes distance collaboration between different health care providers whether they are in devel-
oping countries or in Switzerland. Usage of the platform was made available to many different
projects – some within our own country but also to projects collaborating with various develop-
ing countries. This has allowed us to examine the feasibility of this form of collaboration and its
implications for the involved partners in very different environments.
Why Telemedicine in Developing Countries?
We may ask who needs telemedicinein developingcountries? Telemedicine is a form of delivery
ofmedical services. Anyoneneeds access to medicalservices. However, theimpactof “medicine
at a distance” is not the same for everyone.
3In countries where health care facilities are rare and where access to medical services is restricted
by distance and poor transportation, telemedicine offers possibilities to distribute medical ser-
vices more equally by utilizing ICTs. If travel costs for a patient to visit a medical specialist are
higher than the cost of providing a telemedical consultation, then telemedicine might even be an
economically affordable option.
Besides helping the patient, telemedicine offers possibilities for creating networks between the
geographicallyseparated health care providers. A functioningnetworkis thebasisforan efﬁcient
referral system and it is a good channel for disseminating information and education to improve
local delivery of health care. Lack of communication between health care providers within a
health care system has been identiﬁed as one of the prominent problems in many developing
countries[12, 13, 78].
Additionally, health care delivery is often depending on humanitarian aid - generally in the form
of funds and donated equipment but also of volunteers. Telemedicine enables another form of
humanitarian aid whereby specialists from industrialised countries can offer part of their time
and knowledge to assist doctors and other health care professionals in developing countries. For
the development of medical services the collaboration with experienced professionals is often
inevitable.
Why a Validation?
The United Nations World Summit on the Information Society 2003 listed e-Health as one of the
key applications in its plan of action[175] and in 2005 the World Health Assembly debated on
an e-Health policy[173]. Despite this enthusiasm, it is necessary to be careful when introducing
new technologies. How easily can we abstract from the beneﬁts of telemedicine and e-Health in
Europe to its application in Africa? Are these technologies delivering valid and accurate results
under circumstances that are quite different from where the technologies have been developed?
There are big differences from a world where telemedicineis a welcome add-on to a world where
the implementation of technology may be at the expense of providing access to safe drinking
water.
Besides the accuracy and safety of technology there are questions about the organisation and the
sustainability of telemedicine in developing countries. Telemedicine may enable a consultation
between a patient in a remote village in Papua New Guinea and a specialist in the UK. But
is this not undermining local health care system and the position of the regional specialists?
When discussing the introduction of telemedicine in developing countries, its integration with
the regional health care systems is an important issue.
Thisthesisincludescasestudiesapplyingthesametelemedicinetechnologyin adifferentcontext
and allows us to draw some conclusion about the validity and impact of telemedicine under these
different settings.
4Why Open-Source?
A major goal of this project was to create models for the application of telemedicine that can
be reproduced easily. It is necessary to understand the prerequisites and conditions under which
each model is applicable. However, the nicest model has only a limited validity if it cannot be
reproduced easily. To facilitate and promote the reproduction of solutions emerging from this
project, it was decided to release all software components developed during the project as free
and open-source software. We hope that the free and unrestricted availability of the software
used in our projects will allow interested institutions to create similar solutions more easily.
For many projects in resource-constrained areas the licensing costs for commercial products
impose a high initial barrier. If unaffordable technology is donated to developing countries at
discount rates, this bears the danger of increasing even more the dependency from donors. A
possible alternative is often seen in Free and Open-Source Software (FOSS), which is made
freely available by its developers – free as in “free speech” rather than in “free beer”. The most
important aspect of FOSS is the possibility to modify and adapt the software to regional needs.
Local software engineers have full access to the source code of the open-source software and
can modify it according to their needs. In addition, there is the possibility of integrating it with
other health care technologies. As the market for health technologies in developing countries is
often too small to be interesting for international companies, it is very unlikely that speciﬁc local
requirements will be implemented in commercial products.
While creating a network for information and knowledge exchange between medical specialists
is an explicit goal of this project, we hope that the unrestricted availability of the software will
initiate a network of software developers and people interested in health care and telemedicine
technology who will enable an exchange of technical information and that a continuous technol-
ogy transfer will be another result of our activities.
Scope of this Work
This thesis is a combination of original research publications which were written during the
PhD project and of chapters that glue these research papers into a concise framework. It is
diveded into four parts: 1) overview of telemedicine and its current status, 2) development of a
multi-purpose telemedicine platform with a special focus on pathology, 3) evaluation of several
implementations and 4) a consolidation and discussion of the results with a focus on the health
system context.
Part Igivesan introdcutiontotelemedicineplacingitwithinthegeneral ﬁeldofICTs inmedicine.
Chpater 3 will highlight the most important deﬁnitions and conventions in the ﬁeld and will give
a brief overview of the speciﬁc context of telemedicine in resource-constrained areas. Chapter 4
will review the current literature focusing especially on practical telemedicine that involve some
form of imaging and on its application in the context of developing countries.
5Part II gives an overview of the iPath telemedicine platform, an open-source software that was
developed during the PhD project. Although the development of this software is the central
part of this PhD project, this thesis is not about computer science but rather about the public
health aspects of telemedicine in the speciﬁc context of resource-constrained areas. An overview
of architecture, design and functionality of the platform is given in chapter 5, while chapter 6
focuses speciﬁcally on the implemetation of the real-time telemicroscopy modul which serves
as an illustration of the techncial details of iPath. The remaining chapters provide a descriptive
overview of different applications of the iPath-server at the University of Basel – chapter 7 is a
systematic overview while chapter 8 is focused on low resource settings.
The results of several of the telemedicine projects established within the scope of this PhD are
presented in part III in form of published research papers or as working papers that are intended
for subsequent publication in form of scientiﬁc articles.
In part IV these results are consolidated in a more general form in chapter 14. Based on these
experiencesIwillthendiscusstelemedicineinthecontextofhealthsystemsinchapter15. Before
forumlating our conclusions I will insert a short chapter on ongoing projects which have been
initiated on the background of the work presented here.
62. Goals and Objectives
2.1. Overall Goals
Development of an open-source software platform which simpliﬁes the creation of telemedicine
networks and the validation of the usefulness and feasibility of this form of telemedicine and its
implications on health care delivery in the context of resource-constrained areas.
2.2. Objectives
1. Development of a multi-purpose open-source telemedicine platform for medical consulta-
tions, collaboration, knowledge sharing and educational applications.
2. Adaptation of the platform to needs and requirements of users in low resource settings.
3. Development of organisational framework for providing remote diagnostic consultations.
4. Creation of a global network of medical specialists willing to share knowledge and expe-
rience with colleagues in developing countries.
5. Evaluation of the user acceptance, diagnostic accuracy and educational value of this form
of telemedicine.
6. Study the feasibility of this platform for building regional telemedicine networks within
resource-constrained areas.
7. Determine potential impacts and beneﬁts of telemedicine for a health care system.
783. Deﬁnitions and Context
Telemedicine – although referenced frequently – is not a clearly deﬁned term. Basically it is
medical practice at a distance using Information and Communication Technologies (ICTS) to
overcome the distance between the partners involved. However, before attempting to deﬁne the
term more rigorously it is useful to place telemedicine within the general application of ICTs in
health care as there are many overlapping areas and possible interactions.
3.1. Information and Communication Technologies in
Medicine
Over the past two decades an immense proliferation of Information and Communication Tech-
nologies, commonly abbreviated ICTs, could be observed. Communication networks from plain
old telephone lines to mobile phone networks and satellite communication have reached almost
every corner on our planet. The Internet has become a global repository of information and al-
most any type content from daily news papers over share prices at the stock exchange market to
specialised scientiﬁc journals are all accessible over the Internet. And ﬁnally, today’s desktop
computers are capable of handling complex multimedia content such as images and also movies
with ease, allowing the production of digital content for basically everyone who can afford a
computer. ICTs have penetrated almost all aspects of our lives.
In thehealthcare sectortherearemanydifferentapplicationsofICTs. Themostcommonisprob-
ably the management of administrativedata such as billing and general record keeping – areas in
which probably most of us do not even remember the time before ICTs. Besides, the electronic
management of patient information is becoming more and more important and many hospitals
are workingtowards digital storageof all patient associated data using electronic medical records
(EMR) or electronic health records (EHR). But also in medical practice itself there are many
new methods that directly depend on ICTs. In modern medical imaging such as CT (Computer
Tomography) or MRI (Megnetic Ressonace Imaging) but also in standard radiology (e.g. plain
thorax x-ray) the conventional, ﬁlm based equipment is more and more replaced by digital radi-
ology (DR), ﬁlm-less solutions, in which all image data are primarily stored in electronic form
and only transferred to ﬁlm for reading in locations not (yet) equipped with digital X-ray viewing
stations.
Another ﬁeld where ICTs have become unavoidable is in the very heart of modern evidence
based medicine – today, access the evidence base has become almost impossiblewithout the help
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Library of Medicine. Articles are then accessed through “virtual libraries” in form of PDF
(Portable Document Format) documents. Medical evidence databases such as e.g. Cochrane are
commonly accessed over the web. Besides, there is an overwhelming amount of data accessible
through the world wide web, ranging from electronic teaching aids to on-line patient forums for
almost any kind of disease.
3.2. Telemedicine
3.2.1. Deﬁnitions
Telemedicine is not a concisely deﬁned term. Some authors use it in the stringent sense of the
word derived form the syllable “tele” applying telemedicine strictly to the practise of medicine
“at a distance”, which often involves a consultation between a patient and a geographically sep-
arated doctor, using a video conference link. Many others however use the term telemedicine
in a much broader sense of "rapid access to shared and remote medical expertise by means of
telecommunications and information technologies, no matter where the patient or relevant infor-
mation is located" (EU Commission on health care telematics).
Besides the term “Telemedicine” many other similar term are frequently encountered in the lit-
erature – e.g. “Health Telematics”, “Tele-health”, “Tele-Care”, “On-line Health”, “e-Health”,
“Medical Informatics” or simply “ICTs for health”. The terms for describing the same phe-
nomenon are extensive and the terms are not used in any precisely deﬁned way.
The Norwegian Centre for Telemedicine (NST), WHO collaboration centre for Telemedicine, is
using the following deﬁnition: "Telemedicine is the investigation, monitoring and management
of patients and the education of patients and staff using systems which allow ready access to
expert advice and patient information no matter where the patient or relevant information is
located".
Telemedicine encompasses a broad range of applications and services. Each component in-
volves different providers and consumers. To facilitate the understanding of telemedicine it is
useful to distinguish between the service to be delivered and the delivery mechanisms. The fol-
lowing overview is derived and extended from the deﬁnition of telemedicine of the American
Telemedicine Association (ATA)[1].
Services
• Specialist Referral Services typically involves a specialist assisting a general practitioner
in rendering a diagnosis. This may involve a patient "seeing" a specialist over a live, re-
mote consultation or the transmissionof diagnosticimages and/or video along with patient
data to a specialist for viewing later. Routine applications of specialist referrals include
10all medical disciplines that are to some extend based on visual data such as radiology,
pathology, dermatology, ophthalmology, cardiology, etc.
• Primary Patient Consultations between a patient and a primary care or specialty physi-
cian with the aim of rendering a diagnosis and treatment plan using transmission of audio,
video and medical data. Such a consultation might be in the from a telephonic consultation
or may include communicating to a physician over the Web.
• Remote Patient Monitoring uses (miniature) devices to remotely collect and send data
to a monitoring station for interpretation. Such "home tele-health" applications might
include a speciﬁc vital sign, such as blood glucose or heart ECG or a variety of indicators
for home-bound patients. Such services can also be used to support visiting nurses.
• Medical Education providescontinuingmedicaleducationcredits forhealthprofessionals
and special medical education seminars for targeted groups in remote locations.
• Patient support service include reminders to take medication, supervision, scheduling
of appointments and similar applications which are not implicitly medical but which are
important to improve the outcome of care.
• Consumer Health Information includes the use of ICTs for consumers to obtain spe-
cialized health information and on-line discussion groups to provide peer-to-peer support.
This is often regarded as part of “e-Health”
Delivery Mechanisms
• Networked Programs link tertiary care hospitals and clinics with outlying clinics and
community health centers in rural or suburban areas within an existing or newly created
network of health providers. The links may use dedicated high-speed lines or the Internet
for telecommunication between sites.
• Point-to-point Connections using private networks are used by hospitals and clinics that
deliver services directly or contract out specialty services to independent medical service
providers at ambulatory care sites. Radiology, mental health, pathology and even intensive
care services may be provided under contract using telemedicine to delivery the services.
• Primary or specialty care to the home connections involve connecting primary care
providers, specialists and home health nurses with patients over single line phone-video
systems for interactive clinical consultations.
• Home to monitoring center links are used for cardiac, pulmonary or fetal monitoring,
home care and related services that provide care to patients in the home. Often normal
phone lines are used to communicate directly between the patient and the center although
some systems use the Internet.
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HealthpatientservicesitesprovidedirectconsumeroutreachandservicesovertheInternet.
2) Communities of specialists who share medical data over the web for second opinions
consultations and for continuous medical education.
• Messaging-based system are useful for sending out reminders or quick delivery of labo-
ratory results to smaller health care facility. Messaging services such as SMS or email do
often not have a guaranteed delivery and are thus not advisable for critical information, but
the are easy and cheap to deploy on a large scale.
Involved Partners
In extension to the original list on the ATA website it is useful to also consider the partners
involved in the telemedical applications.
• Specialists who do second opinion consultations, sub-specialty consultations, consensus
diagnosis or joint research.
• General Health Professional and Specialist – referral to establish diagnosis and also
educational applications and decision support (e.g. tumour board meetings)
• Patient and Health Care Professional are involved in primary consultations, e.g. pre-
clinical consultation over telephone (medical call centres, in Switzerland for example ser-
vices such as Medgate1) as well as for targeted information delivery to patient such as
reminders to take medication.
• Patients use ICTs for exchanging information and knowledge e.g. in on-line forums. This
is increasingly used by “self help” groups on issues about living with a certain disease or
disability.
• Specialist to Computer Applications are used for remotequality assurance, decision sup-
port and joint research.
• Patient to Computer Applications such as health awareness web site are used to dissem-
inate information to patients and to provide preventive information.
3.2.2. Technology
Telemedicineisnotnecessarilyanewandcomplextechnology. Theﬁrsttelemedicalconsultation
probably dates back to the time when the telephone was invented. Even today, consultations over
telephone are probably the most frequent form of tele-consultations between patient and health
providers.
1Medgate is a private medical call centre operating in Basel, Switzerland. http://www.medgate.ch
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technology that has certainly impacted telemedicine is video conferencing. The life transmission
of image and voice of two partners has often been regarded as a key necessity for telemedicine
consultations. In reality, the importance of video conferencing is depending on the speciﬁc
type of telemedicine. While video conferencing is ideal for a tele-psychiatry consultation, video
conferencing technology have never been widely used e.g. in Pathology. One often overlooked
limitation of video conferencing is that the consultation must necessarily be held in real-time
with all partners sitting together at the same time. With busy schedules of modern medical work
the planning of appointments with all partners can be difﬁcult, especially if some partners are
not located in the same timezone. Additionally, the life use of technology makes the application
also prone to technical problems. Technical problems at one partners side tend to block everyone
else.
An alternative to real-time consultations is so called store-and-forward telemedicine where the
partners work in an asynchronous way. The non-expert orsubmitterwill prepare his questionand
the necessary material (store) and then transfer it to the expert for review (forward). The expert
can review the material at a later time and write a report back to the non-expert. A consultation
sent by email is a very basic form of store-and-forward telemedicine.
With the medical knowledge constantly increasing and diagnostic methodology as well as treat-
ment options multiplying, clinical decision making is getting more and more complex. Involve-
ment of appropriate sub-specialists and communication between different partners in the health
care systems are becoming more and more important. Email is often not appropriate to organ-
ise structured communication in a larger group. Thus, specialised often web-based applications
are more readily being used for telemedicine. In contrast to email and especially to video con-
ferencing, web-base and database driven applications simplify the archiving of the telemedical
process.
Some specialties that have more complex needs on data transmission have developed standards
how to transmit medical data in digital form. In radiology the DICOM (Digital Imaging and
Communication in Medicine) standard deﬁnes how to store a digital X-ray and how to transmit
it form one health provider to another (c.f. section 4.3.1).
3.3. Speciﬁc Aspects for Resource-Constrained Areas
Modern ICTs and worldwide communication through the Internet promise universal access to
information and the globalisation of the medico-social network’s modes of communication be-
tween doctors, laboratories, patients, and other health professionals. The term “globalisation”
however has to be used with care as it often ignores the reality of the "digital divide", that is,
the fact that social inequalities may preclude the realization of this promise on a truly global
scale[121]. In many aspects globalisation can even be seen as a force creating various kinds of
devide, among them, economic devides as well as digital devides. Globalisation is often resul-
taing Furthermore, without local ownership and adaptation, application of ICTs exhibits a strong
tendency to normalise cultures towards our western culture.
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veloped the industrialized nations. For the application of telemedicine in developing countries,
where resource are often extremely limited, it is thus imperative consider the socio-economical
differences of these counties and their health care systems compared with the industrialized part
of the world.
3.3.1. Potential Beneﬁts
Many developing countries have an acute shortage of doctors, particularly medical specialists
such as dermatologists, radiologists or pathologists. Sub-Saharan Africa has, on average, fewer
than 10 doctors per 100 000 people[50]. Moreover, the distributionof health professional is often
very unequal and specialist services are mainly concentrated in a few urban areas. Doctors and
nurses in rural health centres, who serve most of the population, lack access to adequate health
information, the lifeblood for the delivery of evidence based health care services[3, 109]. They
are isolated from specialist support and up to date information by long distances and poor roads
and poorly established use of telecommunication.
Information and Communication Technologies (ICTs) do have the potential to help over come
many of these limitations. Telemedicine may help rural health workers and their patients in dif-
ferent ways. For many common health problems it is possible to establish a diagnosis and a
feasible treatment plan using telemedicine[22, 130]. Tele-consultations can play an important
role in triage decisions, establishing the need for the physical referral of a patient. Transport to
the referral centre is often at the expense of the patient and many patients in developing countries
cannot afford (unnecessary) travel to a next level hospital[108]. Telemedicine offers opportuni-
ties for continuous medical education in remote areas which will beneﬁt in improved local health
care delivery[53]. ICTs have a great potentialof enabling access to relevant and up-to-date health
information[2] and e-Learning[53] and ﬁnally, ICTs may also help to improve the administrative
process in clinics and thus free human resources to be spent with patients[129].
3.3.2. Limitations
Computers and Connectivity
In the whole sub-saharan region of the African continent there are probably less Internet users
than in New York City[121]. It is estimated that the whole African continenthas about 24 million
Internet users which is equivalent to 2.6% of the population[100]. North America alone has 230
million Internet users (69% of the population). The availability of electricity and especially of
communication lines are very limited which in turn restricts the number of locations in which
telemedicine could be easily deployed. Besides, compared to the per capita income computers
are very expensive and are generally not available to individual users. On average there are 32
telephone lines, 60 cellular subscription an 17 Internet users per 1’000 people[79].
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for connectivity. In South Africa the costs of Internet connectivity is 10-100x higher than in
most European countries. Instead of making Internet services cheap and available as a mass
product, service providers are often targeting the few wealthy that can afford a computer and
connectivity – e.g. foreign companies, embassies, NGOS (Non Governmental Organisations) –
at prices beyond the reach of ordinary citizens.
Another problem is the lack of decent bandwidth. Most Internet connections are very slow and
chronically unreliable. For example, the Walter Sisulu University in Mthatha, South Africa has
an Internet connectivity if 512 KB/s serving the whole the whole campus. This is less than a
standard private ADSL (Asynchronous Digital Suscriber Line) connection in Switzerland (600-
2000KB/s). And South Africa is certainly not the least developed country in Africa. A further
limitation for the deployment of real-time telemedicine applications is that most affordable com-
munication links are of an assymetric nature: with many satellite connections and in particular
with ADSL the upload chanel is often too slow to allow high quality real-time communication.
Not to be neglected is the fact that in telemedicine, the ﬂow of information is usually bidi-
rectional. A satellite connection that allows decent speed in receiving of information may be
extremely slow for transmission of data. Technology that rely on stable and fast connections are
very much bound to fail. By far the most feasible technology in many places is simple email
using the SMTP (Simple Mail Transfer Protocol) which is very robust and tolerant to unreli-
able network connections as it was developed in the 1970s, a time when (temporary) dial-up
connections were still commonly used to connect even larger institutions with each other.
Computer Literacy and Support
Although most telemedicine concepts discussed in this thesis are not targeting directly the indi-
vidual users but are rather allocated on an institutional level, the lack of computer means that
most of the key personnel – doctors, nurses, health ofﬁcers – are not very familiar with comput-
ers. More importantly, a lack of computer users also prevents the development of (commercial)
support services. In many developing countries it is extremely difﬁcult to ﬁnd trained staff for
the installation and maintenance of computers and computer applications and thus those using
computers must often rely on themselves to ﬁx problems.
Information Readiness
The limitations are not only of technical nature. At a ratio of less than 10 doctors per 100 000
people[50], these few doctors have only very limited time available besides consulting patients.
Many doctors working for public hospitals are not able to live decently from the governmental
salaries and are running private chambers.
The use of scientiﬁc literature and evidence to improve health care is regarded as common prac-
tise in modern, evidence based medicine. It should however not be overlooked that access to
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are not ﬂuent in English the use of international scientiﬁc literature poses a high initial burden.
While studentsin mostindustrialized countries are taught the importanceand the useof literature
at University levels this is normally not the case in many developing countries. Most people are
not naturally “information ready”, but need some guidance and tutoring to learn how to deal with
the vast amount of of information available today, how to “translate” evidence and information
into daily practise and how to select between trustworthy and doubtful sources of information.
164. Literature Overview
This chapter tries to give a brief overview of telemdicine in the current research literature. Start-
ing from a very short review of the evolution of telemedicine this overview will primarily focus
on the situation in developing countries taking Wootton’s article form 2001[168] as a starting
point.
Based on similar searches on medline an overview of different ﬁelds of telemedicine without
limitation to developing countries is given; the results are summarised in table 4.1. For the sake
of siplicity I will concentrate on practical application of telemedicine in ﬁelds that are relevant
within the scope of this thesis.
4.1. Evolution of Telemedicine
While interest in telemedicine has increased in the last few years due to recent advances of
ICTs, the concept is not new. The ﬁrst reference of the subject is probably the famous “Radio
Doctor” cover image of the 1924 Radion News Magazine[54]. One of the ﬁrst telemedicine
applications reported in the scientiﬁc literature was probably the project for transmission of ra-
diologic images by telephone between West Chester and Philadelphia, Pennsylvania, a distance
of 24 miles[55, 56]. In the 1970s the number of telemedicine projects started to grow and ﬁrst
real-time applciations are mentioned[43, 103]. The STARPAHC Project, for example, tried to
introduce telemedicine in a the rural Papago Indian Reservation in Arizone[51]. Throughout the
1980s telemedicine speciality speciﬁc applications started to emerge, for example telepathology,
which was ﬁrst mentioned in 1986[151]. In the ﬁeld of radiology saw the development of the
ﬁrst standard on digital medical imaging which culminated in the release of the DICOM speciﬁ-
cations in 1992[9]. The number of telemedicine applications started to grow rapidly in the 1990s
due to availability of Internet and affordable computers and digital imaging solution and the lat-
est technical breakthrough of telemedicine was probably the ﬁrst transatlantic robotic operation
which was performed in 2001 by a surgeon in New York on a patient in Strasbourg[93].
4.2. Telemedicine in Developing Countries
Fiveyears ago, when ourproject was just startingwith thevery ﬁrst collaborationwith adevelop-
ingcountry,Richard Woottonwroteinanarticleon“TelemedicineandDevelopingCountries”[168]
that “despite continued interest in the use of telemedicine in the industrialized world, it cannot
17yet be considered to have entered in the mainstream of health-care”. Has that changed in the
past ﬁve years since the publication of Wootton’s article? And has the situation changed in the
developing world?
In Wootton’s article, a literature search on Medline1 for the term “(telemedicine OR telehealth
OR teleradiology) AND (developing world OR developing country)” yielded 39 articles. Today
the same query will ﬁnd 129 articles or even 145 when the plural for developing countries is
added. From these 145 published articles 17 are labelled as review articles by Medline. From
numbers alone this looks like a signiﬁcant increase in activity in this ﬁeld. If we look at the
more recent literature – 91 articles found in Medline that have been published since 2001 –
we see that many of these publications are either comments or purely argumentative articles.
11 articles are reviews and 19 articles are commentaries. 19 articles are descriptive reports of
existing projects and programmes, four are reports about pilot projects and three are technical
descriptions, two are about needs assessments, two are dealing with scientiﬁc publishingand one
with telehealth policies. 13 papers are evaluating activities and outcome in telemedicine projects
indevelopingcountries. Out ofthese13 papers, fourare evaluationsoftheSwinfen Telemedicine
programme, two are evaluating the Partners Health telemedicine project in Cambodia. A further
two publications are evaluating the accuracy of diagnostic X-ray imaging, two articles evaluate
tele-dermatology projects in Mexico and Pakistan, one is an evaluation of the accuracy of tele-
cytology, one is an evaluation of a project using VHF radio in rural areas of the amazon region
and one is a study on quality of telepathology diagnosis comparing two European telepathology
services with cases submitted from Iran.
There are, however, other publications that are not retrieved by a query limiting to the term
“developing countries”. Table 4.1 illustrates that searching for telemedicine and a certain re-
gion such as Asia, Africa or India reveals some additional publications. Further there are other
specialties besides teleradiology such as pathology or teledermatology. But even considering
those gives only a weak scientiﬁc evidence on the validity and efﬁciency of the application of
telemedicine in developing countries. Some further evaluations of the medical outcome and the
validity of telemedical diagnosis are presented in part III of this thesis and will also be published
as scientiﬁc articles.
It is also important to bear in mind that there are many more telemedicine activitiesin developing
countries. The report of the ITU study group on telemedicine in developing countries[70, 177]
delivers over 150 pages with descriptions of telemedicine programmes from 22 countries. A
look at the programmes of large international conferences such as Med-e-tel in Luxembourg or
Medinfo (this year in Toronto)clearly demonstrates that there are a lot of activities, which are not
publishedin scientiﬁcjournals. Finally, a query on Googleabout “telemedicine AND developing
countries” retrieves approximately 230’000 Internet pages!
1http://www.pubmed.gov/
184.2.1. Impact of Telemedicine in Developing Countries
Afundamentalissuewithtelemedicineindevelopingcountriesistostudytheimpactoftelemedicine
on the health care system and on society in general. In a letter to the British Medical Journal,
Rigby [127] asked: “Will strengtheningsecondary care forafew disadvantagebasicprimary care
or environmental health for the many? Will investment in the required rural telecommunications
be at the expense of providing drinkable water? Will developing countries too be seduced by the
expensive impact of technology led tertiary care for the few, while ignoring the endemic impact
of modiﬁed health related behaviour?”
These aspects are very fundamental in any kind of international collaboration, especially in the
ﬁeld of ICTs. Most ICTs-based projects will in fact deliver information and knowledge, not
safe drinking water itself. But the information and knowledge delivered may turn into a driving
force for people to establish safe drinking water as the knowledge about communicable disease
will teach them why safe drinking water is so important. While telemedicine may indeed bring
direct beneﬁts only for the few in secondary care, it also has the potential to strengthen the
local health provider in improving the services offered and thus beneﬁt the general public in a
more indirect way[2, 130, 179, 181]. It is thus important to study the impact of telemedicine on
health care systems and societies in developing countries. We should not forget that knowledge
and experiences on how telemedicine, e-health and ICTs in general may change health care and
access to medical information and continuous medical education in the industrialized world is
not necessarily reﬂecting the situation in countries with limited resources[121].
In the scientiﬁc literature, reports on the impacts of the application of telemedicine in developing
countries are almost entirely absent. Brandling-Bennet et al.[15] report on a project in rural
Cambodia. During the ﬁrst 28 months 264 consultations were examined. The major impact
reported is a reduction of the “mean duration of chief complaint at initial visit” from 37 months
before the introduction of telemedicine to 8 months at the end of the study. Additionally, the
percentage of patients referred for care outside of the village could be reduced from almost 80%
to under 20%.
One impact that is cited by different authors are the cost savings for the patient due to reduced
travelling[5, 147]. Another impact is the possibility to use telemedicine to transfer knowledge
that may ﬁnally result in more cost effective treatment of patients and thus help to save scarce
resources[22, 75, 182].
Interestingly, the majority of publications on telemedicine in developing countries are in fact
focusing on the application of telemedicine for collaboration between doctors and nurses in low
resource settings and their partners in industrialised nations. A notable exception is the work
of Geissbuhler et al.[53] who evaluated the feasibility, potential and risks of an Internet-based
telemedicine network in developing countries of Western Africa. In an evaluation of the pilot
project between Mali and Geneva they come to they stress the importance of fostering of South-
South collaboration channels and the valorization of local knowledge and its publication on-line.
A second phase of their project is now focusing on creation of decentralised networks within
l’Afrique Francophone.
194.3. Medical Specialties
Telemedicine is not a deﬁned technology of its own, but the utilisation of ICTs to separate a
medical process overgeographically distantpartners. The problemsinvolvedwith this separation
are different from one medical specialty to another. To understand these implications, not only
for developing countries, it is most useful to look at the general literature on telemedicine. A
literature search on Medline2 reveals 7845 entries for the keyword “telemedicine” – using the
MESH term “telemedicine” retrieves 7435; roughly the same amount. 806 of these citations are
review articles and 457 also include the key word “clinical trial”. In order to reﬁne this amount
of literature, I have made a number of queries for different medical disciplines such as radiology,
pathology or dermatology using e.g. the keyword “telepathology AND tele-pathology”. The
results of this search are summarised in table 4.1.
WhileMedlineprovidesveryusefulMedicalSubjectHeadings(MeSH)formanyﬁeldsofmedicine,
in the ﬁeld of telemedicine only the terms “telemedicine”, “teleradiology” and “telepathology”
are deﬁned in the MeSH database. Thus, most of the following will be based on plain keyword
queries. One way of using the MeSH terms is combining the MeSH term for the medical spe-
ciality and the keyword telemedicine. Telepathology translates to the search term “telemedicine
AND pathology[MeSH]”. Table 4.1 lists the results of these queries. Rows 1-5 reﬂect the results
from the keyword search while the results using MeSH are listed in last column. For most cat-
egories there is no substantial difference although using MeSH terms is generally a bit more re-
strictive than keyword search. The only notable exception is tele-psychiatry where the the search
on “telemedicine AND psychiatry[MeSH]” retrieves over twice as many articles as a keyword
search on “telepsychiatry OR tele psychiatry”. This may indicate that the term telepsychiatry has
not yet been established as a naming for the application of telemedicine in psychiatry.
In the following, I will focus on those specialties that are based on some form of imaging –
radiology, pathology and dermatology – as these are the ﬁelds in which I could gather some
experience with the telemedicine platform developed in this project.
4.3.1. Radiology
The most prominent telemedical application is certainly teleradiology with over 1100 references
inthescientiﬁcliteratureindexedonMedline(838usingtheMeSHterm“teleradiology”). Thisis
not so surprising because in radiology, the basis of the diagnosticprocess is an artiﬁcially created
image itself. Modern X-ray generate this image in digital form and with DICOM[9, 10, 46, 86,
110] there is an agreed standard format for these digital radiographs. Since such images are
captured digitally, it is a logical step forward to also transmit them over a network and DICOM
– standing for “Digital Imaging and Communication in Medicine” – includes a component for
standardised transmission of images. In many modern hospitals this technology is in fact used to
transmit the image from the actual X-ray machine to the screen in the radiologist’s ofﬁce. The
transmission over a longer distance is only a logical consequence.
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20Table 4.1.: Literature search on Medline from 5.4.2006. The column "medline hits" indicates how
many entries are found in Medline using the keyword search given as "search term". The Column
"[MeSH]" gives the number of entries when searching Medline for a combination of telemedicine
and the speciality as MeSH term ("telemedicine AND specialty[MeSH]").
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consists inof a very straightforward process of telemedicine in radiology. A transmission of the
imagein sufﬁcientquality and timealone isenough for atele-diagnosisand there is often no need
to transmit additional data or perform additional examinations immediately. Thus, teleradiology
lends itself to a separation of the patient and the specialist as all the specialist needs to see is the
image of the patient. It is not surprising that teleradiology is the only application in telemedicine
that is used on a larger scale. For example, the Arizona Telemedicine Programme has reported
over 85’000 teleradiology events (88% of all telemedicine events) since its inception[89]. There
are even companies in India offering overnight radiology reading for US hospitals, making use
of the difference in time zones[118].
While digital X-ray equipment is increasingly used in industrialized countries, the vast majority
of X-ray machines in the developing world is conventional ﬁlm-based equipment. Teleradiology
based on ﬁlm based images is also possible and involves either scanning of the ﬁlm or digitiza-
tion with a digital photo camera. While scanners are relatively expensive especially for smaller
hospitals in developing countries, capturing images with a digital camera is a very cost effective
option. There are a few studies which evaluated the sensibility and speciﬁcity of tele-diagnosis
on digital snapshots of standard radiology imaging (chest, abdomen, and bones)[26, 143]. This
form of teleradiology is also frequently used by many projects on the iPath server at the Univer-
sity of Basel. Many of the consultations within the Ukrainian Swiss Perinatal Health Programme
include digital photographs of X-ray and ultra sound images; also some of the pathology consul-
tations are accompanied by digital photos of radiographs (e.g. bone tumour working group).
4.3.2. Pathology
Afterteleradiology,telepathologyisprobablythemostfrequentlycitedapplicationoftelemedicine
(619 citations) and is the only other application that is listed in the MeSH index (427 entries in
Medline). While in absolute terms the ﬁgures are comparable, the frequency of citations for
telepathology is much lower if we compare the total amount of literature on pathology compared
to the amount on telepathology. While in radiology, articles on tele-radiology make up 3.3%
(1104 articles) of all publications on radiology (33’430 articles), this ratio is almost ten times
lower in pathology. Out of the 145’620 articles on pathology, only 619 or 0.4% are dealing with
telepathology.
The transmission of a medical problem in pathology is much more complex than in radiology.
The diagnostic basis in histology is a thinly cut piece of tissue (∼ 2−10mm) which is stained
embedded on a glass slide and then viewed under the microscope at a magniﬁcation of up to 400
times. The amount of information contained in such a slide is huge and cannot be easily trans-
mitted in digital form from one place to another. There are basically three ways of performing a
remote diagnosis on a pathology slide.
224.3.2.1. Telepathology Systems
Static-Image Telepathology
In static image telepathology, a small set of 5-20 characteristic images are captured by the non-
expertandthentransmittedinelectronicformsuchasemailoroveraweb serverandarereviewed
by a distant specialist. This method is easy to implement but has its severe shortcomings. The
specialist must rely on the proper selection of images by the non-expert. If additional images
are required, this has to be communicated back to the non-expert and this process will take time.
Static-image telepathology is, however, still the most frequently used method and under certain
circumstances will deliver quite good results [39, 123, 150, 163, 178].
Dynamic Robotic Telepathology
Dynamic robotic telepathology or real-time tele-microscopy was introduced in the late 1980s in
ArizonabyWeinsteinet. al[151, 155, 156, 152]andsoonfoundearlyapplicationsinNorway[45,
112] and also in Switzerland[114, 115]. Dynamic robotic telepathology systems consist of a
motorized microscope which can be operated from a distant workstation. The image from the
microscope is captured with a video camera and is transmitted in (near) real-time. The specialist
can view the video image on his workstation and can remote control the microscopy, especially
the location of the slide and the magniﬁcation. While dynamic robotic telepathology is giving
full control of the microscope to the pathologist,it requires sophisticated and delicate technology
and is relatively expensive.
All the early systems were using dedicated communication lines for the transmission of data:
ISDN, ATM or satellite connections. In addition, there is no standard communication protocol
and systems from different vendors were not compatible. These severe limitations prevented the
large-scale application of telepathology in routine services, outside of a few research projects for
a long time[32].
As an alternative to point-to-point tele-microscopy, systems using Internet based connectivity
were developed by several groups[16, 62, 122, 144, 165]. The use of basic Internet technology
(HTML/Javascript, Java or Macromedia Flash) basically turns an ordinary web browser into
the tele-microscopy remote control. This eliminates the necessity to install a special software
and dedicated communications lines in order to remote control the microscope. Additionally,
there is the potential of sharing a remote microscope among many distant users. Some newer
telemicroscopy solutions are now using this approach as standard way of remote control (e.g.
Nikon CoolScope microscopes3). A major limitation with tele-microscope remains the fact that
the original slide must be placed under a real microscope before the distant specialist can review
the slide.
The tele-microscopy solution developed at University of Basel within the frame of this projects
is discussed in detail in a separate chapter below.
3http://www.coolscope.com/
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“Virtual slides”[34, 36, 57, 58, 157] are themost signiﬁcant recent developmentin telepathology.
This technology comprises the digitization of a whole slide which can then be stored and trans-
mitted in digital form. This is achieved by scanning the whole slide at high magniﬁcation and
then combiningall images intoa large mosaic. In order to record all informationin a microscopic
slide, it is often necessary to capture images at different focus levels.
The main limitation of virtual slides is the large storage capacities necessary and associated
with this the problems of transmitting such large amount of data over a network. The digitized
representation of a slide typically requires between 0.5-5GB of storage. However, with the ever
increasing storage capacities of modern computer technologies and improved scanning methods
that allow scanning of a slide in a few minutes, virtual slides have become manageable[157].
For teaching purposes “virtual slides” are quickly becoming the standard way of distributing
microscopic slides for students[57, 66, 85, 154]. Many universities are no longer replacing their
sets of teaching microscopes but have started to digitize their collection of teaching slides and
making them available to the students over the Internet. In diagnostic pathology, there are no
reports yet about the application of virtual slides. However, it is anticipated that this will change
over the coming years[57].
4.3.2.2. Cytology and Hematology
Most reports on telepathology are certainly from the ﬁeld of histopathology. Cytopathology
and also hematology and hematopathology are other ﬁelds that could potentially beneﬁt from
telemedicine. The few available results on the application of tele-cytology[24, 83, 125, 178]
and tele-hematology[90] show very promising results. Due to the simple laboratory technol-
ogy involved, tele-cytology may be a very interesting application for developing countries. On
Solomon Islands e.g. there is a high prevalence for cervical carcinoma[94, 104, 120]. An early
diagnosis and thus regular screening of patients is required for a successful treatment[76]. Tele-
cytologycouldhelptodevelopskillsforscreeningcytologicalslidesanditwouldbeparticularely
useful for quality assurance.
4.3.2.3. Telepathology in Developing Countries
For developingcountries there are very few reports about telepathology. A search on Medlinere-
veals only descriptive articles about the application of telepathology in developing countries[18,
38, 101, 135, 149]. In addition, there is a review about telepathology in India [6] and one ar-
ticle describing a study design simulating the diagnostic support from remote access to health
workers in developing countries[27]; an article from Ethiopia gives a clinical case report of a
telepathology consultation[132].
Telepathology in developing countries will be a major topic throughout this thesis and there will
be several chapters on this issue below.
244.3.3. Dermatology
Dermatology is a medical discipline which is not based on a special imaging technology like
radiology or pathology. However, the diagnostic process is very much based on the visual ap-
pearance of the skin and thus the process of tele-dermatology is relatively straightforward. The
literature indexed on Medline contains 177 articles on teledermatology: 21 reviews and 32 clin-
ical trials. Articles on clinical trials make up 18% of all articles and thus teledermatology is
certainly the most vigorously evaluated discipline of telemedicine.
Unliketelepathology,teledermatologyisnormallypractisedindirectcollaborationwithapatient.
Often, teledermatology is used to allow a general practitioner (GP) to consult with a dermatolo-
gist before physically referring a patient[4, 22, 68, 81]. Consequently, many of the clinical trials
are lookingat thepatient satisfactionand acceptance ofteledermatologyby GP[30, 31, 37]. Clin-
ical accuracy of teledermatology diagnosis versus face-to-face visit were reported between 48%
and 90% [4, 91]. Reports on satisfaction with patients and GPs are not very conclusive. While
some studies suggest high satisfaction[31, 161], a study by Collins et al. reports satisfaction only
for 21% of 42 surveyed GPs [30].
With the availability of relatively cheap but high quality digital photo cameras, tele-dermatology
seems to be pre-destined for application in low resource settings. Especially with the HIV epi-
demic, complex dermatoses are increasingly prominent in many countries. However, there is not
much literature about the application of teledermatology speciﬁcally in developing countries.
There are reports on diagnostic accuracy of teledermatology in Pakistan[126] and Turkey[119]
and some reports on acceptance and impact of teledermatology for GPs in Africa[22, 28, 131]. A
very noteworthy application of telemedicine is presented by Caumes et al.[28], where telederma-
tology was used in Burkina Faso to diagnose dermatoses in travellers (80% westerners). Besides
the immediate beneﬁt for the patients, the authors report that teledermatology has an educational
value for local GPs.
4.3.4. Other Disciplines
Besides the areas covered in this thesis, there is a multitudeof other applications of telemedicine.
Very frequently cited in the scientiﬁc literature is the application of telemedicine in emergency
care – “telemedicine AND emergency” retrieves 623 citations. In emergency situations the rel-
atively quick availability of relevant knowledge how to treat the patient is of crucial importance.
As time and locations of emergency cannot be predetermined, telemedicine is often seen as a
means to bridge the gap between patient or mobile emergency teams and the specialists located
at the hospitals [77, 146, 166]. The majority of articles on telemedicine in emergency care are
certainly about stroke patients and are technically often related to the transmission of ECG data
(telecardiology). Besides, telemedicine is considered for assistance on long distance transport
such as ﬂights[48]orferries[74]and avery populartopicseemsto bethedeliveryoftelemedicine
on space ﬂights (79 citations).
25Other applications cited in the literature are telesurgery (293 citations) and tele-monitoring
(284 citations) of home care patients. A very valuable application of telemedicine for planning
surgical interventions in developing countries was reported be Lee et al[84]. With the advancing
miniaturization of electronic sensors and communication devices (mobile phones), home moni-
toring of chronically ill patients is quickly becoming a reality. Telepsychiatry is also relatively
frequently cited (157 citations). Monnier et. al [102] give a good overview of the current state
of telemedicine in psychiatry. Most publications identiﬁed were either clinical demonstrations,
program descriptions and patient satisfaction studies. They conclude that “... Despite the rapid
increase in information on telepsychiatry, methodologically sound studies in the area of telepsy-
chiatry are still infrequent.”.
4.3.5. Telehealth or e-Health
Besides these telemedicine applications in the narrow sense of delivering diagnosis or treatment
advice for an individual patient, there is a much broader ﬁeld of applications of ICTs in health
generally summarised under the term of e-health or telehealth. Reports on e-health applications
that are of particular interest for developing countries include examples such as “Compliance
Service uses SMS technologyfor TB treatment in Cape Townregion”[23] or thedelivery oflabo-
ratory results for immediateadaptation ofmedicationplan for TB and ARV in rural Transkei[98].
Another very interesting example from the Cape Town region is cell-life, a platform for commu-
nication, information and logistical support required to manage HIV/Aids. It is a solution that
uses a combination of cellular technology and the Internet to closely monitor adherence of HIV
positive patients to antiretroviral (ARV) medication and support community health workers that
are visiting AIDS patient in townships[29].
26Part II.
The iPath Telemedicine System
27Since the mid 1990s, the Department of Pathology at the University of Basel has been re-
searching in the ﬁeld of telepathology. Early applications included remote frozen section di-
agnosis with the regional hospital in Samedan[114, 115, 137]. Like many other telepathology
systems[112, 133, 151, 156], this application was focused on a point-to-point interaction using
speciﬁc hardware and software to allow remote collaboration. With fast development of the In-
ternet, a common and relatively inexpensive network has become available almost anywhere in
the world. Additionally,modern web browsers have developedto a standard way of accessing in-
formation over the Internet, and they provide enough functionality to allow complex applications
such as e.g. the remote control of a microscope[16, 62, 122].
In 2000 it was decided to replace the telemicroscopy system at the Department of Pathology in
Basel (a point-to-point solution) by an open, web based solution that allows collaboration be-
tween any interested pathologists without the need to acquire and install any speciﬁc hardware
or software. Though some commercial solutions had been available, none met these require-
ments. The new system was designed as a web based platform on the basis of the PHP program-
ming language and was released to the general public in 2001 in form of the open source iPath
telemedicine platform.
The scope of application of the iPath software changed signiﬁcanlty, when we were approached
in 2001 to provide pathology support for a hospital in Solomon Islands. In contranst to the orig-
inal project, targetting to pathologists in Europe where internet connectivity was not an issue,
we were now suddenly confronted with the problems of resource-constrained areas, where in-
frastructure is minimal and internet connectivity slow and often unreliable. While some projects
tried to address this problem by developing solutions that target speciﬁcally at low resource
settings[49, 140] we decided to integrate the collaborations with partners in developing coun-
tries into the same framework that we had started to develop for our own purpose. Allthough
this approach was technically more challenging, the decision was based on the assumption that
the most limiting factor will not be technology itself but the availability of volunteering medical
specialists. Our intention was to lower the threshold for recruiting new specialists by developing
a comprehensive and functional platform that lends itself as a useful tool also for collaboration
within groups of specialists.
The following chapters will give an overview of design of iPath and on possible applications.
Chapter5 summarisesthefunctionalityand architectureoftheiPathtelemedicineplatform, chap-
ter 6 analyses the technical details of the telemicroscopy module, chapter 7 will describe the ma-
jor applications of the server in Basel and chapter 8 illustrates some examples from developing
countries in more detail.
This part is focusing on the methodological aspects of the software infrastructure developed and
reﬁned throughout my PhD thesis. The speciﬁc methods of the concrete telemedicine applica-
tions such as laboratory equipment and image capturing devices are provided separately by each
chapter in part III.
29305. Description of the iPath
Telemedicine Platform
5.1. Technical Background of the iPath-Server
During the scope of the project a web-based telemedicine platform was developed. The platform
was named iPath – Internet Pathology Suite – in the initial phase when the applications where
exclusively from the ﬁeld of pathology. In the ﬁrst version, iPath was basically a set of web dy-
namic web pages written in the PHP language1 that had grown out of some preliminary projects
at the Department of Pathology. This original version was intended as a proof of concept. Due to
its user-friendliness and its ability to accommodate the needs of doctors in developing countries
as well as the needs of specialists in western Europe it found good acceptance.
Unfortunately, the original version was not developed following a clear development model and
it did not have a good separation of data and visualisation layer. Furthermore, with the steady
increase of users and applications utilising iPath, the original version had become very slow.
In early 2005 it was decided to develop a completely new version of iPath. This version 2 of
iPath includes now an API (Application Programming Interface) which provides a set of classes
and functions to access all data stored in the database. In addition, there is now a well-deﬁned
concept for splitting the code into independent modules. This greatly facilitates the development
of additional modules without changing any of the core code.
A modular and extensible concept is important to allow other organisations to extend and adapt
iPath to their own needs. iPath is released under the General Public License (GPL) as Free
and Open Source Software (FOSS or OSS) and is thus available to others for usage as well as
for modiﬁcation under the condition that all modiﬁcations and improvements are again made
available under GPL. Hence, if iPath lends itself to modiﬁcation and adaptation by others, there
is an increased chance that iPath will continue to be developed on a larger scale and by a broader
team of developers even after the termination of this very project.
5.1.1. Basic Functionality of iPath
iPath was designed to facilitate consultations and collaboration between different specialists and
health care providers. Essentially, iPath offers a collaboration environment for groups of people
1http:/www.php.net
31working together. The basic model for collaboration in iPath is that of a virtual community –
a closed user group in which participants can present and discuss medical cases and problems.
Every community or group has one or more members that act as moderator who can grant other
users access to the group.
Within a group users can create and present content such as a case with a clinical description
and attach documents such as images, video clips or forms for capturing alpha-numerical data.
Once a case is presented inside a group, other group members can add their comment to the case.
Comments are essentially text messages that are attached to a case. In a typical consultation the
diagnosis of the experts are inserted as comments. In contrast to other data types, comments can-
not be altered by users. Once saved a comment cannot be changed. Only system administrators
have the possibility to delete a speciﬁc comment. This is important to ensure a certain careful-
ness from the side of the experts and to make the process of ﬁnding a diagnosis transparent. In
contrast to email based consultations or video conferences, iPath records the whole diagnostic
process and makes it transparently available to all group members.
5.1.2. Application Layers
The new iPath-2 is built in a modular way to ensure that it can easily be extended and adapted
to new situations. At the core of iPath is a relational database storing all alpha-numerical in-
formation. iPath uses a database abstraction layer (adodb2) to ensure compatibility with differ-
ent databases. At present the open source RDBMS MySQL3 and PostgreSQL4 are supported
(c.f. ﬁg.5.1).
Most data stored in the database can be accessed using an object oriented API. This API consists
of a set of classes which represent users, groups, cases, images, annotations, etc. All classes are
derived from a base class (ipath_Object) and the API is extensible in a modular way so that new
classes for new data objects can be dynamically added without the necessity to change anything
in the core code base. Besides access to data, the API also includes abstraction for general
functionality such as registering events (e.g. new case received) with speciﬁc alerting methods
(e.g. sending an email). A partial documentation of the API is available on the iPath website5.
5.1.3. The Data Model
iPath is storing four basic types of data objects: users, groups, data objects (cases, images, etc.)
and annotations. Technically the iPath API offers a base class (ipath_Object) from which all data
classes are derived. This base class takes care of storing and retrieving data from the database
and is handling access control.
2http://adodb.sourceforge.net
3http://www.mysql.com
4http://www.postgresql.org/
5http://ipath.ch/
32Figure 5.1.: Illustration of the application layers of iPath. At the core is a relational database.
User access to the database is provided through different application interfaces (web, email, telemi-
croscopy). All these interfaces use the iPath API, which provides a set of classes to access data
stored in the database.
33For the “data objects”, only inormation about the relation between objects are stored as ﬁelds in
the relational database. The medical content is encoded as XML (eXtensible Markup Language)
and is stored in the database as a text ﬁeld. This guarantees a maximum ﬂexibility for creating
new data types for representing medical data and ﬁndings without the necessity to change the
underlying database scheme. The visualisation of medical data on the web interface is done
through XSL (eXtensibleStylesheet Language)by applyingan XSL stylesheeton thedataXML.
Thus, new data objects can be created basically by writing a new XSL stylesheet.
Additionally, it is possible to collate several XML objects into a larger XML ﬁle. This makes it
easy to recursively concatenate all objects representing a medical case (case data, images, folders
with images) into one XML ﬁle that can be exported. Similarly it is possible to concatenate all
cases within a group with all their data into a large XML ﬁle which can then be further processed
for statistics and analyses using standard XML tools.
All data is stored in UTF-8 character encoding to ensure data input in non-European languages.
Custom Forms
A peculiar data object is the “custom forms” module. This module was developed to provide
a very easy way of creating forms for capturing and storing arbitrary alpha-numerical data in
iPath. A plain HTML form is used as template for the graphical representation of data. The
custom forms module of iPath can automatically transform such an HTML form into an XSL
stylesheet. iPath can then use this stylesheet to display a form on the web interface. Data entered
by the user is stored as XML in the database. In addition, the form module allows to export
data from all forms of a certain type for a whole group in form of a text or HTML table that
can be opened with a standard statistical software package or a spreadsheet (e.g. MS Excel) for
statistical analysis.
5.1.4. Visualisation
Web Interface
On top of the API there are a number of interfaces to access the data stored in iPath (ﬁg.5.1).
The most prominent and frequently used is the web interface that allows access to the data over
the web. The web interface offers the most complete set of functionality and is the only way
to access the administrative functions. For transforming medical data stored in the data objects
into HTML, iPath uses XSL stylesheets which transform the XML coded data into HTML – a
procedure termed XSL transformations (XSLT). Other parts of the user interface, mainly admin-
istrativepages and settings, are directly rendered as HTML. The advantage of using XSLT is that
the stylesheets (XSL) and data representations (XML) are completely independent of program-
ming language and allow utilisation and manipulation of data by external processes written in
other programming languages (e.g. Java).
34Multi-Lingual User Interface
The user interface is available in multiplelanguages. A module for on-line translation of the user
interface is included in iPath. The translated strings are stored in an XML ﬁle which is included
by the XSLT process when data objects are rendered. Additionally, the XML ﬁles with the trans-
lated strings can easily be copied from one server to another, thus translations can be prepared
on a test instance and then copied to a productive environment when they are ﬁnished. At the
moment translations exist for English, German, Spanish, French, Italian, Ukrainian, Lithuanian,
Russian, Georgian and Rumantsch. Of course, users can enter content like case descriptions or
comments in any language which is supported by the UTF-8 standard.
Email Interface
Besides the web interface, iPath offers an email interface which makes a limited subset of the
functionality available over ordinary email. A registered user can submit consultations via email
and iPath will import it into the database so that the consultants can access it over the web. The
email interface also offers users the possibility to subscribe to email notiﬁcations on speciﬁc
events. Alerts can be deﬁned speciﬁcally for each group on iPath. Optionally, the emailed alerts
include a full text report with case description and comments of other group members. These
reports also contain specially coded “mailto:” links which can be used to trigger a replying email
through which the user can 1) retrieve the images for that case or 2) add a comment to the case
or 3) if permitted, even add another image to that case by plain email. These emails contain a
control hash that identiﬁes the action to be triggered by this email and iPath will securely import
data from such emails and add it automatically to the appropriate object in the database.
In contrast to other telemedicine systems developed especially for developing countries that use
email for data transmission[49, 169], iPath is a full ﬂedged web application that can handle large
amounts of users, organised in many different virtual communities, and large amount of data
(100’000 or more images). It is not routing emails to the most appropriate specialist, but imports
all cases and comments submitted by email into the same database that can also be accessed
over the web interface. Users that have access to email only can still actively participate in the
same virtual communities that other users access over the web. While a physician from a remote
hospital may chose email to submit cases and receive comments, the consultants in the same
group can access the full functionality available – for example, duty plan, drawing applet for
annotations in images, web-meetings for the on-line discussion of cases, etc.
An optional module for importing email from the TeleMedMail[49] application is available.
XMLRPC
While the web and email interfaces are intended for human interaction with the database, iPath
also offers an interface for interaction with other computer applications. This interface is based
on XMLRPC – remote procedure calls (RPC) encoded in XML. This interface offers an API for
35other modules on iPath to publish certain functions as remote procedure calls accessible to ap-
plications running on a distant computer and which can be written in any programming language
that support XMLRPC (e.g. JAVA or python). The XMLRPC interface is used e.g. by the telemi-
croscopy module and also by some speciﬁc application to import data into iPath. For example,
there is an external application (ImageDrop) which allows importing large amounts of images by
drag and drop (current web browser unfortunately do not offer drag and drop functionality).
5.1.5. Modular Design
To encourage further development and adaptation of iPath to other needs, the new version is
designed in a very modular way. Almost all functionality is encapsulated into concise modules.
The most prominent modules are the content modules that contain the data objects like for ex-
ample case, image, ﬁle, folder, video clip, drawing, etc. Another type of modules are the work
ﬂow modules which allow users to simplify a certain task like email alerts or the virtual institute
module with its duty plan.
There is a basic set of modules which are essential for the functioning of iPath. These modules
are included with the basic distribution of iPath. Other modules that do not include any essential
functionality can be optionally enabled through the administrative interface. In addition to the
modules bundled with the base distribution, there is a growing number of additional modules
which can be added to an iPath installation on an individual basis.
Enabling Modules Group-speciﬁcally
One of the most important design considerations for iPath was to keep its user interface as simple
as possible. While it is nice to have a lot of optional functionality, medical specialists are often
rather deterred by too many buttons and options. In order to provide unrestricted extensibility
for some users whilst keeping the user interface simple for others, it is possible to enable certain
modules only speciﬁcally for certain groups.
5.1.6. Security
All users must ﬁrst register a user account on the server by ﬁlling out a on-line form. When the
registration form is saved, iPath will create a user account but mark it as inactive. An activation
email is sent to the email address speciﬁed by the user. This email contains a special link through
which the user must then activate the newly created account by logging in with the password
chosen on registration. This procedure ensures that registration is only possible with a correct
email address and that the user can receive email on this address.
There are three types of users on iPath. System administrators are users that are members of a
special admin group. They can access a special system administration interface for conﬁguring
and monitoring the system and they can edit almost all data, except comments which can be
36deleted, but not modiﬁed. Besides system administrators there are moderators who have some
administrative permission for the groups that they moderate – most importantly they can grant
and revokeaccess to the group toother users and the can delete unwantedcontent from the group.
One user can be moderator of multiple groups and one group can have multiple moderators.
Normal users ﬁnally have access to the groups to which they were granted access by a group
moderator and they can only edit or delete content which they have created themselves.
To improve security for data transmission we offer access to our server over https (encrypted
http). This feature is not part of iPath itself but can be conﬁgured on the web server that iPath is
installed on. However, it is possible to conﬁgure iPath in a way that iPath switches automatically
to encrypted mode, if encryption is available on the web server.
All modiﬁcations to content objects are logged to ensure that the full history of changes can be
reconstructed at any time. Most administrativerequests such as user registrations,password reset
requests or granting access to a group are logged by the “watchdog” module. This module also
logs every attempted access to content to which a user does not have permission. The watchdog
logs the IP address of the remote user, the URL which he tried to access as well as all data
submitted via GET or POST requests. Other modules can use the watchdog module to register
their own errors and other messages. System admins can access the watchdog entries from the
system administration interface.
5.1.7. Advanced Functionality
Beyond the basic functionality of a multi-media discussion forum with closed user groups, iPath
offers a number of additional functionality designed especially for telemedicine. Most of this
functionality is encapsulated into separate modules in order to make future extensions and adap-
tion easily possible. The most important functionality speciﬁcally designed for telemedicine is
described in this section.
Virtual Institute / Duty Plan
The virtual institute is a module that enables the organisation of diagnostic consultations. The
module itself provides the functionality for the organisation of a duty plan which can then be
attached to an expert group. In addition it can create a list of all cases that are not yet closed
from an arbitrary number of groups. The usage for this module for the organisation of a virtual
institute is illustrated in ﬁg.5.2. A description of its application is provided in chapter 9.
Telemicroscopy
The telemicroscopy module allows real-time remote control of a microscope through the iPath-
Server. Routing the remote control through an external server rather than a point-to-point con-
nection offers the advantage that the session can be automatically archived into the database on
37Figure 5.2.: Illustration of the organisation of a virtual institute. The virtual institute consists of one
ormorecase submission groups towhich theoriginal consultations aresubmitted. Theexpert on duty
is automatically notiﬁed and can, if possible, write a diagnosis immediately on the original case. If
consultation of additional (sub-) specialists is desired, the case can be referred to the expert group. In
this case all additional experts are notiﬁed and can contribute their diagnosis and comments. Finally,
the expert on duty summarises the opinions of the experts and states this as a “ﬁnal diagnosis” on
the original case.
38the server. In addition it eliminates the need to conﬁgure ﬁrewalls in order to allow access from
a workstation outside of a hospital to an microscope which is located inside a hospital. This
functionality is described in detail in chapter 6. The functionality of this module has been ex-
tended since the publication of this article and now includes support for several other types of
microscopes, e.g. Leica DM Family and the Nikon CoolScope.
Data Export and Import
iPath offers several possibilities for exporting and importing object data. iPath offers the possi-
bility to export any data object in its XML representations. If an object export is requested, iPath
will create a full XML of the object and all its child objects recursively. This XML is bundled
together with binary data ﬁles (e.g. images) into a zip ﬁle which is passed to the user. Con-
versely it is possible to re-import such exported zip ﬁles into another group or even into another
iPath server. The only potential problem can be that on the target instance some optional object
modules are not installed and the import will be aborted.
Theimport/exportsystemiseasilyextensibleand developerscan writetheirownimportorexport
plug-ins. Plug-ins can be made part of an add-on module and then a system administrator can
enable them group-speciﬁcally. Custom export modules developed at the University of Basel
include export of a case as pdf ﬁle or the export of all comments or data stored in custom forms.
Web-Meeting and Distributed Presentations
The distributed presentation module allows publication and real-time discussion of a case over
Internet. The module offers the synchronised viewing of a case using a text chat and a shared
pointer. Cases can be discussed within the closed user group or can also be published so that the
audience need not necessarily log in on the server. The synchronisation of text messages, image
display and position of the shared pointer is implemented using AJAX technology.
Any object that is stored in iPath can be presented through the distributed presentations mod-
ule. For large audiences with more then 20 participants it is useful to cache the content of a
presentation for faster loading and to decrease the database activity during a presentation. iPath
offers the possibility to cache the presentation, in that situation, however, only images can be
presented. Other objects such as custom forms, drawings or text slides will not work with a
cached presentation.
This module can be used for real-time discussion of a case (web-meeting) as well as for distance
presentations. There is an option to combine the distance presentation with an audio streaming
server for the live transmission of the voice of the presenter. On our server we have implement
audio transmission as low bandwidth MP3 streaming using the open source IceCast2 streaming
server software6. The distancepresentations are useful for distanceeducation and are used by the
6http://www.icecast.org/
39Figure 5.3.: Illustration of a distributed presentations through iPath. The images, chat and shared
pointer are distributed directly by the iPath server software. The optional voice data is transmitted
with the help of an audio streaming server which was originally developed for Internet radio. The
playback of the voice is embedded into the iPath user interface in form of either a JAVA Applet or a
RealPlayer Plugin. Thus, for the audience there is no extra software required. The broadcaster of the
presentation needs an additional piece of software for recording and broadcasting the voice. Multiple
software packages for broadcasting voice are available for most computer systems (Windows, Mac,
Linux). With appropriate settings, live audio streaming is possible at relative low bandwidth (4-
32KB/s) which makes this also a feasible option for collaboration with developing countries[53].
Swiss Society ofDermatology to transmitpresentations from continuousmedical education sem-
inars to practitioners who cannot attend the seminar physically. The slides are typically exported
from PowerPoint and then imported as cases to iPath. A similar system has been used for the
past four years by the French African Telemedicine Network (RAFT) to broadcast presentations
to multiple locations in French speaking Africa[53].
Teaching
iPath includes a number of features that allow its application in teaching. In a normal discussion
group all material is by default sorted by the date of submission to the server. In a teaching
group, the sorting can be predeﬁned by the author of content by providing a “sort number” for
every object in a group.
40The option to link objects from one group to other groups offers teachers the possibility to sep-
arate their pool of material from the actual course that is accessed by the students. Teachers
can store all basic material like diagrams, text documents, images or example cases to a speciﬁc
group that serves as “pool of material”. The actual layout of a course is implemented in a sepa-
rate group to which also the students have access. Original material from the pool is then linked
to the speciﬁc place within the course. This greatly simpliﬁes the re-use and sharing of material
for different courses. While the pool of material can be continuously extended over time, the
courses can be easily adapted and re-done according to the teacher’s needs.
For practical teaching there are two applications of iPath. 1) Teachers can use e.g. the slide show
or the dual projection mode of iPath during the actual lecture as blackboard or slide projector –
this can be live in a class room, but also at a distance using the distributed presentations module
of iPath. 2) Teachers can grant students access to the information for later review and reference.
5.2. Distribution of iPath
5.2.1. Requirements for Installation of an iPath-Server
iPath is split into several parts. The most important part is the iPath-Server which is a web
application written in PHP running on Apache or Microsoft Internet Information Server (IIS).
The minimal requirements for installing an iPath instance are:
• Web server: Apache (version 1.3 or 2) or an IIS web server
• PHP: version 5+ with the DOM and XSL modules enabled
• Database: MySQL version 4 or 5 or Postgres version 7 or 8
• Image Processing: preferable ImageMagick or alternatively the gd2 module for PHP. With
the gd2 module iPath currently supports only a limited number of image formats.
Optional requirements for all advanced functions:
• The automatic email import requires the php_imap module
• The custom forms module is preferably used with the htmltidy7 utility for cleaning html
form templates and with the iconv (php module) utility for character set conversion when
exporting data to excel spreadsheets.
7htmltidy for automatically cleaning html code: http://tidy.sourceforge.net/
415.2.2. Helper Applications
In addition to the iPath-Server there are several external applications that facilitate working with
iPath. The ImageDrop module consists of a Java application that connects to iPath using its
XMLRPC interface. Users can drag and drop images and other ﬁles from their Desktop to Im-
ageDrop and they will automatically be uploaded and attached to the speciﬁed case on an iPath-
Server. Similar applications for direct uploading from a TWAIN compatible scanner or from a
video camera have been implemented. A more complex external helper is iMic, a Java applica-
tion that provides an interface between an iPath-Server and a Nikon CoolScope microscope (cf.
chapter 6).
5.2.3. Licensing and Availability
iPath is released under GPL, which implies that iPath with the complete source code is freely
available to anyone. Anyone may use, redistribute and also modify iPath provided that any mod-
iﬁcation which are redistributed are again made publicly available under GPL. The source code
repository of the iPath server code is hosted on Savannah8, the software development platform of
the Free Software Foundation. The rest of the code which includes all optional server modules as
well as the external tools for microscope control and image upload are hosted on sourceforge, an-
other open source software development environment. The code is made available for download
in the form of several packages which are all available at http://ipath.sourceforge.net/
A project documentation is available on-line at http://ipath.ch/ and includes the user manuals
and installation manuals as well as the API documentation for software developers who want
to extend the iPath-Server. Besides the technical documentation there is also a section with
documentation of different projects using iPath. The project site is also the web site of the iPath
association (“Verein iPath”) which was founded in order to promote a sustainable continuation
of the projects and services started throughout this initiative.
8http://savannah.gnu.org/
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Abstract
This paper reports a fundamentally new concept for Internet-based telemicroscopy. By separat-
ing a telemicroscopy application into three tasks - microscope control program, external server,
and client application - it is possible to establish a telemicroscopy session between two arbitrary
end points on the Internet even if both of the end points are secured by ﬁrewall (microscope and
client application). The advantages of such a distributed system, compared with the classical
point-to-point systems, are discussed. The telemicroscopy system is combined with a telepathol-
ogy database, which is capable of automatically recording telemicroscopy sessions, allowing a
convenient combination of interactive remote microscopy and store and forward telepathology.
In addition to remote primary diagnosis, it is easily possible to discuss difﬁcult cases within ded-
icated user groups, no matter whether images originate from a telemicroscopy session, or are
manually entered into the database.
436.1. Introduction
Since the early years of telepathology in the 1980s with specialized hardware and communi-
cation links[151], there has been a tremendous development in general purpose (multimedia-)
computing as well as in the availability of network links such as the Internet and Integrated Ser-
vices Digital Network (ISDN). Today, almost any pathologists desktop computer is fast enough
for telepathology and most ofﬁces are equipped with a fast Internet connection. As yet, how-
ever, except for a few point-to-point systems for frozen section diagnosis using specialized
hardware[111, 115, 151], there is no widespread use of telepathology.
Besides intra-operative diagnosis, there is an increasing demand for the usage of telepathology
for second opinions or scientiﬁc consultations[92]. Ideally, a pathologist should be able to con-
nect his/her microscope to the desktop computer in his/her ofﬁce and use the hospital’s Internet
connection to share the microscope with any other pathologist with an Internet connection. A
concept for telemicroscopy using the Internet and a conventional web browser has recently been
introduced[62, 122, 165].
However, a fundamental problem in using the Internet as a network link for telemedicine appli-
cations is that transmitted data are basically not secure. As a consequence, most hospitals have
secured their internal network (Intranet) with so-called ﬁrewalls. These ﬁrewalls, however, are a
major problem for the use of the Internet for telemedicine, as they prohibit a direct connection
between two computers located in two different hospitals[128]. Althoughit is often not explicitly
stated, a direct Internet connection is required by most existing telepathology applications.
In the present article we present a new concept for interactive telemedical applications which
allows the use of any Internet connection, secured by any type of ﬁrewall, to share a scientiﬁc
device such as a microscope between several users over the Internet. To illustrate this concept,
we will describe our prototype implementation of such a system; however, the main aim of this
paper is to demonstrate how it is possible to deal with secured Internet connections as they are
present in almost any hospital. The emphasis of this article is therefore clearly on the technical
solution for telepathology networks rather than on the diagnostic validity of yet another system.
For most pathologists who are trained to make their diagnosis on a real microscope, some time
is needed for ’acclimatization’ before they are comfortable making diagnoses from digitized
images on a computer screen[82].
The completesoftware referred to in this article and additional technical informationis published
on-line sourceforge (http://ipath.sourceforge.net).
6.2. Using the Internet for Telemedical Applications
If the Internet is to be used for telemedicine, it is necessary to consider the fact that most users of
any telemedicine application will be working in a hospital where Internet connection is almost
always secured by ﬁrewalls. A ﬁrewall is basically a ﬁlter that is located between the hospital’s
44Figure 6.1.: The set-up of the telepathology system described in this paper. For second-opinion
consultation, the network connection between the non-expert (hospital A) and the expert (hospital
B) is established over the Internet and an external www-server (yellow line). For intra-operative
diagnosis, where an open internet connection is not reliable enough, it is possible to run the www-
server application on the non-expertâs computer that is connected to the microscope. The network
link can be established over a private ISDN line.
intranet and the open Internet. This ﬁlter allows only connections from within the hospital to the
outside and only for certain networking protocols (such as HTTP and e-mail). It is therefore not
possible to connect directly two computers located at two different hospitals, as each attempt to
establish a connection would be blocked by the other’s ﬁrewall.
To allow any use of the Internet, a ﬁrewall must at least tolerate outbound connections to receive
web pages. Technically, this means that the hypertext transfer protocol (HTTP) is always open
for outbound connections. Other protocols such as File Transfer Protocol (FTP) or Telnet are
often closed and inbound connections are almost never tolerated. If a telepathology system is to
make use of the Internet as it is present on a typical hospital’s Intranet, it must therefore only
make use of outbound HTTP connections for data transfer. A simple but practicable example of
such a system, using common webcam technology (with image upload over FTP), was recently
established in the UK[128].
To implement a telemicroscopy system under such restricted conditions, we separate the telemi-
croscopy application into three tasks, which are implemented as independent modules: a ’micro-
scope control program’, the ’client application’, and a ’telepathology server’, which is located in
the Internet and routes data between the microscope control program and client application for
an arbitrary number of telepathology sessions (cf. Figure 6.11). In the following section, we give
a brief overview of these modules as they are implemented in our prototype system.
456.3. A Way Out: Distributed System for Telemicroscopy
6.3.1. Connecting the Microscope: the Microscope Control
Program
The microscope control program is an application that on one side physically controls the mi-
croscope and captures images from a camera, while on the other it can communicate with the
www-server. To discuss a difﬁcult case with a remote expert, a pathologist starts the microscope
control program, which has to be installed on his/her computer. After setting illumination and
optionally preparing a map image (an overview which is composed of several images at low
magniﬁcation) the microscope control program registers the microscope with the www-server
and waits for instructions from remote clients. If the local or nonspecialist pathologist has a
motorized microscope, the microscope control program will operate it according to instructions
from the clients. Without a motorized microscope, the non-expert must operate the microscope
manually. The expert pathologist may instruct the non-expert over a conventional telephone con-
nection. To direct the non-expert to a desired ﬁeld of view, the expert can use the point and
click interface as for a motorized microscope and the non-expert can see the desired position on
screen and can change the stage position accordingly. With some experience by the non-expert,
it is easily possible to do remote microscopy with a conventional microscope.
In additiontotranslatinginstructionsfrom theexpertintomicroscopecommands,themicroscope
control program also sends some sort of ’live image’ to the server, from where it is retrieved by
the clients. As there is no guaranteed bandwidth on the Internet, we have reduced the transmis-
sion rate for the ’live image’ to one static image every 1 or 2 s, instead of trying to provide a
real-time video. We ﬁnd that such a low frame rate is enough for most telemicroscopy tasks, ex-
cept maybe adjusting focus from a distance, but this can be done by the non-expert, who is next
to the microscope. As these ’live images’ can be heavily compressed, it is possible to provide
an almost live feeling for remote microscopy with very conservative bandwidth needs: a single
ISDN channel (64 kbit/s) is enough to perform on-line telemicroscopy. However, if bandwidth
and fast computers are available, it should be easily possible to use a compressed video stream
instead.
Atpresent,ourmicroscopecontrolprogramsoftwareisrunningunderMicrosoftWindowsNT/95
and can be used with any ’Video for Windows’ (VFW) compatible video input card, and it can
optionally control a Zeiss MCU-26 stage controller. Ports to other hardware are in preparation.
Support for high-quality frame grabber cards (Matrox Meteor and IC-PCI) is almost completed
and support for other microscopes (Olympus and Leica) and OS (Linux) is being worked on.
A motorized microscope is not required; a conventional microscope operated by hand, although
slightly slower, is sufﬁcient for most tasks.
46Figure 6.2.: The client application is implemented as a JAVA enhanced web page, which can be
used with aconventional web browser. The”live” video image in the top left corner always shows the
actual view from the microscope, automatically updated every 1-2 s. On the right, the last captured
image is displayed. With a motorized microscope, the actual position of the live image is always
outlined by the black rectangle. With a conventional microscope, the rectangle can be used by the
expert to direct the manual operation of the microscope.
6.3.2. Using the Microscope at a Distance: the Client Web Page
The client application is implemented as a JAVA enhanced web page, which has proven to be
suitable for a telemicroscopy client[62, 122, 165], as it can be used on any computer platform
equipped with a conventional web browser such as Netscape Navigator or Internet Explorer.
Figure 6.2 illustrates how the microscope is represented to the remote expert. A small ’live
image’ (top left, updated regularly according to the present bandwidth) always shows the current
view under the microscope. Single high-quality images (true colour VGA) can be captured and
are then displayed on the right side. Images are stored and transported in standard JPEG format.
The compression rate can be set dynamically, which allows the users to make a reasonable trade-
off between speed and image quality. If the magniﬁcation is increased or the stage moved, the
new positionis indicatedon thecaptured imagewith arectangle(cf. Figure 6.2). Themicroscope
can be directed to a new ﬁeld of interest by clicking at the desired position in the captured image.
As the application can store several captured images, it is always possible for the expert to scroll
back to earlier locations and continue the investigation from there. In addition, every session is
recorded by the telepathology server, so that it can be reviewed even when the microscope is no
longer on-line, to allow archiving and later discussion of difﬁcult cases (cf. Figure 6.3).
47Figure 6.3.: Every telepathology session can be recorded by the www-server, including all captured
images with their exact position and magniﬁcation. Hence, the complete session can be reviewed or
re-discussed at any time without access to the microscope. The real slide must be put back under a
microscope only if other areas of the slide are required. In this case, the database will record further
images along with those already existing.
6.3.3. The Telepathology Server
As in most cases, due to restrictive ﬁrewalls, it is not possible to establish a direct connection
between client application and the microscope control program, we introduce an external server
to route data between the microscope and clients. Basically, the telepathology server is a web
server with support for active web pages (PHP and JAVA) and a collection of CGI scripts for
routing data between the microscope and client.
If a telemicroscopy session is to be established, the microscope control program ﬁrst contacts
the telepathology server, authenticates itself and sends the state of the microscope (position,
magniﬁcation, etc.), and then waits for the next command to be executed. If a client requests
some action from the microscope, the telepathology server forwards this request to the listening
microscope control program, waits for the answer, and distributes the answer (e.g. a captured
image) back to the client. Additionally,the current state of the microscopeis stored on the server,
so thatitcan bedistributedtoall clientswithoutcallingback everytimeto themicroscopecontrol
program.
As a side-effect of such a triangular architecture, there is always a delay compared with a direct
point-to- point connection; the distributed set-up takes about 1-3 s more to complete a request
than a direct connection. Compared with the advantage of being able to use almost any kind of
Internet connection on both sides, this is in our opinion a minimal disadvantage.
Besides routing information and providing access control, the telepathology server can addi-
48tionally record every session into a database, including all images, with their exact position and
magniﬁcation (cf. Figure 6.3). This has proven to be very valuable: sessions can be reviewed and
discussed at any time without accessing the microscope; images that have been important for a
diagnosis can be downloaded and stored along with other patient information after the interactive
session is ﬁnished (from all involved partners); and cases of special interest can be published on
the telepathology server to a general audience by one click of the mouse.
As no Internet servercan be fullysecured, itshouldagain bestressed here that anydata that could
be used to identifypatients shouldnot bestored on the Internet. If sensitivedataare needed along
with the images, a simple but reliable solution is the use of a different, secure transport medium,
such as spoken language over the telephone or encrypted e-mail (encrypted with PGP[17]).
6.4. Discussion
We have shown how to design a telepathology system that uses the Internet as a network link,
but is not limited in its use by the restrictive ﬁrewalls present in most hospitals. The distributed
approach to accomplish this task has many more advantages, discussed below. Lack of inter-
operability has been identiﬁed as a major drawback of existing telepathology systems[159]. One
way of overcoming this problem, an open standard, is almost implicit in a distributed system.
6.4.1. An Open Standard
The distribution of process clearly separates the telepathology application into several distinct
modules. Provided that the interfaces between these modules are standardized and published,
single modules can be implemented or adapted to speciﬁc hardware independently from the rest
of the system. Improvements to the server, database or client applets are immediately available
to every expert who is using a connection via the server, while the hardware-speciﬁc microscope
control programs do not need any change at all.
Additionally,thedevelopmentofnewcomponentsisnolongerrestrictedtoasinglevendororany
central authority. At present, developmenton the telepathologyserver software will be continued
as an academic project with additional partners. The emerging software will be released under
the existing open source licence. On the other hand, it would be easy to imagine that microscope
vendors could develop and support commercial versions of the hardware-speciﬁc microscope
control programs.
As an example of such an open standard, we have published the complete communication inter-
faces of our prototype system on-line (see below).
6.4.2. Use for Frozen Section Diagnosis
While a range of commercial applications exist especially for frozen section diagnosis, it is
perfectly possible to use such a distributed, open system, provided some attention is paid to
49security and reliability. For example, the telepathology server module can be installed on the
same computer as the microscope control program, or anywhere within a hospital’s Intranet.
Network connection to the expert is established over the Intranet (in-house diagnosis) or over
ISDN, so bandwidth need and reliability can be guaranteed, as well as privacy of exchanged data
(cf. blue route in Figure 6.1). By dynamically adapting compression and the transmission rate of
images, the system described is functional under very limited bandwidth conditions (64 kbit/s).
If external help is needed, the same microscope can be additionally connected to an external
telepathology server over the Internet and thus an expert can be consulted immediately.
A small pilot study on routine material demonstrated the same diagnosticperformance as desired
in routine frozen section diagnosis; neither false-positive nor false-negative tumour diagnoses
and a deferral rate below 10% [65]. Compared with a commercial telemicroscopy system, con-
nected by three multiplexed ISDN lines with a robotic microscope, which was used for remote
frozen section diagnosis on the same cases, the median time needed was 8 min versus 6 min for
telemicroscopy via the Internet versus the commercial system, respectively. It was found that a
surgical pathologist does not need special training in the use of such a system, if already familiar
with usual desktop PCs.
6.4.3. Combining Dynamic Telemicroscopy with ’Store and
Forward’ Consultation
Besides on-line telemicroscopy, discussion of difﬁcult cases in dedicated user groups is a very
important application of telepathology[92]. The distributed system described above allows a
very convenient combination of interactive telemicroscopy and ’store and forward’ consultations
in the very same application. While all telemicroscopy sessions are automatically recorded to
the database, there is also the possibility to enter images manually. The advantage of such a
ﬂexible solution can be illustrated with some examples. Firstly, images from different sources,
such as a gross specimen or even radiology, can be stored along with the images from an on-line
consultation. Secondly, a consultation may be started with a set of images provided by the non-
expert, but if the expert wants more information and a telemicroscopy session is then conducted,
the images captured during that session are stored automatically, along with those provided by
the non-expert beforehand. The presentation and handling of the database are always the same,
no matter where the images originated.
6.4.4. Future Directions
A ﬁrst improvement planned for the future is to incorporate a range of collaborative tools that
will improve the discussion within a user group. The ﬁrst step, which is almost completed,
is a text-based chat function that allows on-line discussion between more than two partners.
There are some additional advantages of chat-based communication over voice telephone: the
communication can be easily stored in text form and there are fewer communication problems
between partners with different native languages when using a common language (English) in
50written form, instead of oral communication (R. Weinstein, oral communication). Due to its
modular concept, the system can be easily extended with other collaborative tools, such as a
shared pointer or a whiteboard.
Additionally, there are plans to make the telepathology server inter-operable with other existing
standards such as DICOM, whereby other image sources (CT, MRI) could be used to feed the
telepathology database directly.
6.5. Conclusion
While in some special ﬁelds telepathology has become reasonably accepted by a variety of users,
a general, widely accepted framework is not yet in sight. Most existing systems are conceptually
targeted to restricted ﬁelds of application and are therefore not very useful as general tools to
most pathologists. Although the presented solution is only a prototype, we hope that its concepts
and the ideas presented in this article demonstrate how a general framework for telepathology
that includesa broad ﬁeld oftelepathologicalapplications, from intra-operativefrozen sectiondi-
agnosis to inter-continental second-opinion consultations, can be implemented using technology
that is available today. We believe that only an open, modular framework will help to overcome
the obstacles that still prevent the more widespread use of telepathology.
The complete software described in this article is freely available as open source software. The
software and more detailed information on the project, especially the communications standard
implemented, can be found at http://ipath.sourceforge.net
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51527. Applications of the iPath Server at
the University of Basel
Since 2001, the Department of Pathology in Basel has been using the iPath platform to operate
a global telepathology network (http://telepath.patho.unibas.ch/). Today this network has over
1200 registered users organised in over 100 discussion or working groups.
In April 2006 these various working groups contained over 8’000 cases with a total of over
55’000 images and 3’500 other ﬁle attachments. Over 14’500 diagnostic comments had been
already submitted. Table 7.1 gives an overview of the activity on this server. From over 1200
registered users, 906 had made use of their account and had logged into the server at least once
after registration. On average a user had logged in 47 times, had presented 9 cases, provided
19 comments and visited 59 cases. There is of course a huge variance between the different
users. While 237 users had not visited anything but test or demo cases, the most active user had
visited 4146 different cases. 262 users had presented at least one case and 347 had written at
least one comment. The most active users had presented 1302 cases and written 2137 comments.
The bottom row illustrates the number of user who had logged in more than 10 times, who had
submitted 10 or more cases or comments and who had visited more than 10 cases. Obviously
there is a substantial number of “passive” users that do visit the cases but do not write any
comments or present their own cases.
7.1. The iPath-Server at the University of Basel
The very ﬁrst iPath server at the University of Basel based on a old Desktop PC (Pentium II),
had been installed by the end of 2000 and served mainly as proof of concept. With the launch of
the projects on Solomon Islands and in Cambodia in 2001 the amount of consultations started to
grow and it was decided to migrate the project to a proper server hardware. In early 2002 iPath
was migrated to a Fujitsu Siemens Primergy Server (rack server with a 1GHz Pentium III CPU
and 36GB SCSI hard-drive) running on RedHat Linux (version 7.2) operating system. In 2005
the storage capacity was extended to 145GB (2 hard disks in mirroring RAID conﬁguration) and
the operating system was changed to a Debian based Linux.
53Table 7.1.: In April 2006 the ipath Server at the University of Basel had 1283 active users and 769
inactive user, which had never activated their account or had not logged in for more than one year.
This table includes the data from all active user that had logged in more than once. Administrative
users and test cases are excluded from this table.
Column one shows the number of logins, column 2 the number of cases submitted, column 3 the
number of comments contributed and the last column shows how many times a case was visited.
The two rows at the bottom show the number of users who have e.g. submitted more than one case
or 10 or more cases respectively.
login cases comments case visits
avg 47 9 16 59
max 2794 1302 2137 4146
sum 42664 7808 14130 53293
nr. users > 1 906 262 347 669
nr. users >= 10 392 72 119 371
Figure 7.1.: Login statistics for the iPath-server at the University of Basel. The y-axis illustrates
the number of monthly user sessions. Valid ﬁgures are only available since August 2002.
54Figure 7.2.: Monthly case submission to the iPath-server at the University of Basel.
7.2. Overview of Applications and Groups
On April 1st 2006, 2056 user accounts were registered on the iPath server at the University of
Basel. Out of these 2056 users, 1222 have logged in more than once in the last 6 months and
can thus be considered as active. These users were organised in 67 active groups – counting only
groups that were not set up for testing and which contain more than 10 cases. In total there were
154 groups, but many of them were created for some test purpose or never became active.
Most of these groups are not organised by the core iPath team at the University of Basel. During
the project there were people from all continents approaching us with new ideas for using iPath.
For many we granted access to our server and let them organise their own groups. As with many
new technologies, there was often an initial boost of interest but afterwards most groups never
achieved a critical mass to get an interesting discussion going and later ceased to exist. Other
groups existed for years and exhibited continuous activity. To give an overview of what kind of
applications the iPath server is being used for, I will give a brief description of the most active
groups. Raw data for this overview are listed at the end of this chapter.
7.2.1. Groups with over 100 Cases
Brustzentrum Dresden (1375 cases)
Virtual community of the breast tumour competence centre of the region of Dresden, Germany.
Currently three hospitals and three community clinics are participating in this breast tumour
centre. The working group on iPath is used for the clinical documentation of all breast tumour
patients treated at any of the participating institutions. The group uses a set of 15 forms to
capture data from different specialities including oncology, pathology and radiology. Different
55examinations are performed in different locations. None of the participants had ready access
to all the data (radiology, histology, pre- and post-operational examinations, follow-ups, etc.)
necessary to perform the quality assurance statistics that they are required by the government.
Since the institutions do not share a common medical IT platform, the collection of all data on
all common patients has to be organised over an external application to which all participants
have access. The solution was based on iPath and allows each institution to insert and modify all
data generated at their side. They also have ready access to all other data. The data collection
is utilised for the interdisciplinary tumour board meetings as well as for extracting the indicators
for reports and quality assurance statistics. At the moment the calculation of these statistics is
done with an external database at one of the participants site, but it is planned to integrate this
as an additional module for iPath using the XQuery language and XSLT language for generating
report templates.
Sihanouk Hospital Center of Hope, Cambodia (1296 cases)
This working group is formed by the Sihanouk Hospital Centre of Hope in Phnom Penh and
pathologists from Germany, Switzerland and Thailand to provide diagnostic services in histo-
and cytopathology for the hospital in Cambodia. A detailed evaluation of this application is
published as a working paper in chapter 11.
South Paciﬁc (499 cases)
Virtual Community formed by the National Referral Hospital in Honiara, Solomon Islands and a
group ofpathologistsprovidingdiagnosticservices in histopathologyfor theHospitalin Honiara.
A detailed description follows in chapters 9 and 10.
Oncology Centre Lörrach (475 cases)
The oncology centre Lörrach is used for supplementing tumour board meeting held at the re-
gional hospital in Lörrach, Germany. Participating partners in the tumour board meeting include
the pathologists from the University Hospital in Basel, radiologists from the hospital in Rhein-
felden, Germany, and from private practises in the region, the oncologists from Lörrach as well
as several external specialists. If the clinicians in Lörrach want to discuss a case in the bi-weekly
tumour board meeting they create a case in the discussion group on iPath and they announce this
to the partners who will then attach their material (mainly radiology and pathology images) to
the cases. During the actual meeting, all material is presented directly from iPath.
This has the advantage that all material is available before and after the meetings for those who
are interested in the case and want to review the presented material. Additionally, using the
dual projection module, cases can easily be compared with each other, for example, with a for-
mer biopsy if it is already in the database. Furthermore, additional material such as schemata
or papers can be added to the case to illustrate the ﬁndings. Another advantage is that these
56presentations stored on iPath are building a very interesting archive available to all clinicians
participating in the project. And ﬁnally, since the material is already collected on-line, it is very
easy to make it available to an external expert for a second opinion.
All cases are stored in an anonymous form without a direct patient identiﬁer. Patient identiﬁca-
tions are communicated over a separate channel.
Bangladesh (346 cases)
A discussion group started in March 2002 by a pathologist from Dhaka, Bangladesh, to dis-
cuss complicated and unclear cases with colleagues from the UK and from South Africa. Over
time, the group of participating pathologists has grown and now includes experts from almost all
continents.
Feldstudie Telepathologie (325 cases)
This group was used for a review study of the German Pathology Association to collect material
from telepathology consultation in anonymous form in order to asses the diagnostic quality of
telepathology consultations done with various real-time telepathology systems. From February
2002 to April 2004 over 300 cases were collected. However, it is unknown to us if the material
collected in this way has ever been evaluated. A peculiarity of this group was that it was con-
ﬁgured as an “anonymous group” which ensures that usernames of the submitters of case and
comments are not visible to group members. Only the group moderator can see the identity of
the contributions.
Basel Atlas Daicker (247 cases)
Group used for the edition of the illustrations for “Stereoatlas of Ophthalmic Pathology” – a
book by P. Meyer (Basel, Switzerland) and K. Löfﬂer (Bonn, Germany) published by Karger
Verlag, Basel. From the whole compilation of the totally over 12’000 stereoscopic slides of in-
teresting and rare eye diseases, the editors selected 246 pairs to make them availableto interested
health professionals. iPath was used for the selection process as the two author and the publisher
were working in geographically different locations. Additionally, the content of the CD-ROM
accompanying the book was directly produced from the database of our iPath server.
Laos Vientiane (239 cases)
Diagnostic support for pathologists from the National University of Lao in Vientiane, Laos.
Pathologists from the University of Calgary in Canada are forming the team of experts. They are
supported by volunteering pathologists from Germany. This group started in 2003.
57Histopathology Forum (225 cases)
In the early days of iPath, most applications were either deﬁned groups of experts providing
diagnostic consultations for a deﬁned partner or discussion groups for case discussions within
existing working groups. Over time, more and more independent pathologists from all over the
world started to register in our server. Since these pathologists did not belong to any of the
existing user groups, a new, relatively open group named “Histopathology Forum” was started
in December 2004. In contrast to the closed user groups, where access is only granted by the
true group moderators, any person interested in participating in the Histopathology Forum will
be granted access directly by the system administrators.
Since December 2004 over 240 pathologists have joined this group. Cases from all over the
world are frequently presented and debated sometimes in lengthy discussions with up to 14
comments per case. With an average of 4.75 comments per case this group shows one of the
highest commenting frequencies. In addition to the comments posted to the groups itself, some
cases were discussed further in a closed expert group such as the hematopathology group. On
average, a case in the Histopathology forum is visited 88 times which is another sign of the high
activity in this group.
Basel Ophthalmology (203 cases)
Closed Discussion group of ophthalmologists from the University of Basel. Besides consulta-
tions, this group was also frequently used for the selection of illustrations for books and the
editing of the accompanying ﬁgure legends.
Telecytology Basel (168 cases) and Telecytology Honiara (35 cases)
While tele-histopathology has been studied quite well, there is very few literature available over
the feasibility of tele-cytopathology. However, cytology is often much easier and cheaper in
preparation and can give very valuable diagnostic results for certain diseases like, for example,
cervical carcinoma which is relatively prominent on Solomon Islands. For Solomon Islands no
published data is available but in a study carried out in the neighbouring Vanuatu which has
a pre-dominantly Melanesian population like the Solomon Islands: Pakosy et al.[120] found
that cervical carcinoma was the most frequent cancer of the female population (25.5% of all
carcinoma).
A major problem with cytology is a lack of qualiﬁed cytologists in developing countries. How-
ever, a well-trained technician can screen cytology slides very effectively and for most cytol-
ogy diagnosis a qualiﬁed cytologist would be mainly necessary for quality control, continuous
training and for difﬁcult specimen. Thus, theoretically, cytology could be a prime application
for telemedicine. In a joint study of the National Referral Hospital in Honiara, the Ministry
of Health of Solomon Islands and the Department of Pathology of the University of Basel the
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resource-constrained area is being evaluated.
As a control study, 168 randomly selected routine cytology cases from the laboratory of the De-
partment of Pathology in Basel have been photographed by a cytologists and presented on iPath
to a group of pathologists: three specialists for cytology and one specialist for histopathology.
The four specialists diagnosed each case and entered their diagnosis to iPath without being able
to read theothers diagnosis. Using theoption “hide comments”on each case, the diagnosisof the
other colleagues only becomes visible after a user has entered his own diagnosis. A preliminary
evaluation of the results of the control study is included below.
Iran Pathology Group (163 cases)
The Iran Pathology group includes two different applications. In March 2002 a pathologist from
the Tehran University of Medical Sciences started to introduce IHC (Immunohistochemistry)
staining in Iran. IHC uses antibodies to speciﬁcally mark certain proteins in the tissue. In order
to ensure the quality of the IHC method and to ensure that the new diagnostic tool was used in
line with standardised WHO classiﬁcation, the Iranian pathologists used iPath to discuss certain
cases with pathologists from Europe with long-term experience in IHC staining.
The same discussion group on iPath was later used in a study carried out by a pathologist from
the Department of Pathology at the University of Kerman, Iran, and colleagues from the Institute
of Pathology at the Charitée University in Berlin, Germany. The study compared the diagnostic
outcome of the UICC telepathology centre at the Charitée in Berlin and the iPath Server of the
University of Basel [19, 101].
(Thegroupceased tobeoperationalin2004duetounknownreasons. Perhaps withthesuccessful
introduction of IHC staining and the publication of the results from the telepathology study, the
interest in tele-consultations have disappeared.)
Radiology Lörrach (162 cases)
Archive of interesting radiology cases by a radiologist in Lörrach.
Ukrainian Swiss Perinatal Health Programme (159 cases)
Within theframework ofthe Ukrainian Swiss perinatal health programme organisedby theSwiss
Center of International Health, a telemedicine component was established. This telemedicine
component is based on iPath and tries to foster collaboration between specialists in Ukraine and
in Western Europe in the ﬁeld of neonatology and obstetrics. Most images submitted are ultra
sound and x-ray images and also photographs of patients.
The Ukrainian Swiss Perinatal Health Programme has now established its own server in Kiev,
Ukraine and the data will be moved from the server at the University of Basel to that server. A
detailed description is given in chapter 13.
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The very ﬁrst group using iPath since 2001 is the German bone tumour working group (AG
Knochentumoren). They use their discussion group on iPath mainly for the preparation of their
biannual meetings, where difﬁcult and interesting cases are discussed with the goal of ﬁnding a
consensus diagnosis. To prepare these meetings, most cases are published in iPath and discussed
there. This group uses the feature of “hidden comments” that hides comments of others for a
user until he or she has entered his or her own diagnosis. Looking at the activity per single case
this is the most active group: a case receives on average 7.1 comments and is visited 118.6 times.
The group is also infrequently used for “ad hoc”-consultations.
Some of the members of this groups are also active as bone tumour specialists for various other
groups.
AG Mamma- und Gynäkopathology der SGP (120 cases)
Similarly to the “AG Knochentumoren” the working group on mamma- and gynaecopathology
of the Swiss Society of Pathology has started a discussion group on iPath for preparation of their
consensus meetings.
Expertgroup Pathology Basel (119 cases)
This group is used for the organisation of the “Virtual Institute”[21, 18] that is available for
some of the hospitals in developing countries that are frequently submitting cases (Solomons,
Cambodia, Laos and Bangladesh). A virtual institute technically consists of a separate expert
group in which all participating specialists are organised. The expert group has a duty plan so
that for every week it is clearly deﬁned which pathologist is “on duty”. Several other groups may
be linked to the expert group and the expert on duty has access to a special case list on which all
new cases from any of the linked groups are listed. If a diagnosis is easily possible, the expert
on duty will write a “ﬁnal diagnosis” and thus close the case – an email with the diagnosis is
automatically sent to the case submitter. For more complex cases, the expert on duty can make a
referral to the expert group and then all members of the expert group are notiﬁed. The case will
now be discussed within the expert group and after a few days, the expert on duty is obliged to
summarise the discussion and publish this summary as ﬁnal diagnosis back to the original case
(cf. ﬁg.5.2).
Optionally, it is also possible to grant access to the internal discussion to the submitting doctor.
Following the discussion of the experts can be a very useful learning experience for the sub-
mitting physician, however, it may also be confusing if different possibilities are suggested and
discussed. Thus, some submitting physicians prefer to only receive the summary of the expert
on call. The choice should be with the submitting physician.
607.2.2. Other Interesting Groups
Beside the very active groups with over 100 cases there are several interesting groups worth
mentioning.
Zürich Neuropathology
For one year the neuropathology specialists of the Department of Pathology in Basel is on a
research sabbatical in Zürich and thus there is no neuropathology specialist in Basel for deal-
ing with complicated intra-operative frozen section diagnosis that are sometimes requested by
the neurosurgery ward of the University Hospital. In order to overcome this problem, difﬁcult
neuropathology specimen are presented to the specialist in Zürich using a fully motorised mi-
croscope (Nikon CoolScope) and the remote microscopy module on the iPath server. Using this
technology allows the specialist in Zürich to review a slide in Basel within minutes.
Ethiopia Pathology (61 cases)
The “Ethiopia Pathology” group is organised by a retired Swiss pathologist, who is currently
working for the Tikur Anbessa Hospital (Black Lion’s) Hospital in Addis Abeba, Ethiopia. The
group is used by this pathologist and his Ethiopian colleagues for second opinion consultations
with pathologistsfrom Zurich and Germany. So far 61 cases havebeen discussed and received on
average 2.3 comments. One consultation was published as case report in the Ethiopian Journal
of Medicine[132].
Hematopathology (52 Cases)
An expert group for the discussion of hematopathology cases, organised by a retired pathologist
from Basel. The group serves for the discussion of interesting cases, but mainly as expert group
for the referral of difﬁcult hematopathology cases from other groups. A major problem for
organising sub-specialty consultations is that it is difﬁcult to motivate specialists to review cases,
especially if the quality of the submitted cases is not very high.
Mostusers on ouriPath serverdo nothave direct access to thehematopathologygroup. However,
if an interesting hematopathology case is presented for example in the Histopathology Forum or
from Cambodia, the system administrators will inform a member of the hematopathology group
who may then refer the case to the expert group, provided that the submission is of interest
and acceptable quality. This triage model is a very efﬁcient tool to organise very speciﬁc sub-
speciality consultations.
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This group was created in 2002 to facilitate the teledermatology consultations between a GP in
Port St. Johns, South Africa, and some dermatologists in the public hospitals in Mthatha and
East London. This application was initially running on the server at the University of Basel and
was later moved to a regional server operated by the Walter Sisulu University (WSU) in Mthatha
in June 2003. Since then, all tele-consultations from Port St. Johns have been handled on the
server at WSU. A detailed description of these activities is provided in chapter 12.
Norodom Sihanouk Hospital, Cambodia
The Norodom Sihanouk Hospital is a large public hospital in Phnom Penh, Cambodia. It is
one of the very few centres that offer reconstructive surgery. The surgeon is using the iPath
facility to consult with colleagues in USA, Australia and Switzerland. The idea for the drawing
module, which allows a consultant to draw an annotation directly into an image submitted to
iPath, originated from this application.
African Dermatology Forum/Tropical Dermatology and Venerology Forum
Occasionally, dermatology consultations from several developing countries are submitted to
iPath through one of the pathology consultation groups. The “African Dermatology Forum” was
a ﬁrst attempt to facilitate dermatology consultation. It had received a few cases in the beginning
but then ceased to operate. The name implied that the forum was limited to Africa and some
users on iPath did not feel comfortable with this. On request from Cambodia a new group was
started with a more generic name. Hopefully it will be possible to disseminate the knowledge
about this group. To ensure a certain quality of contributions, it is envisaged to link it with the
activities of the Swiss Society of Dermatology, which is using iPath for their dermArena project
(see next section on “vitual portals”).
Basel Pathology Groups
Additionally, there are various groups used by the pathologists in Basel. They are mainly used
to disseminate interesting ﬁndings to clinicians who submitted the material to the Department of
Pathology using the distributed presentations facility provided by iPath. On some occasions,
iPath was used to get additional information from the surgeon who submitted the tissue for
pathology examination.
7.2.3. Virtual Portals
Several groups have gone a step beyond creating a discussion group only and have actually
started their own virtual portal on iPath. A virtual portal is a separate entry to the same database,
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are also important to create some sort of corporate identity which is often a highly motivating
factor for new members. Most virtual portals consist of more than one discussion group.
Lithuanian Pathology Online (46 cases)
A group of Lithuanian pathologists have started their own virtual portal on our iPath server
(http://telemed.ipath.ch/lithuania/). The group has translated iPath into Lithuanian Language.
The portal consists of several groups of which the open forum names “Lithuania Pathology On-
line” is the most active. Plans for the future include a discussion group for providing continuous
medical education, mainly in Lithuanian language. A baltic lymphoma registry based on iPath is
also discussed.
PathoIndia (43 cases)
Virtual portal of the pathoindia project which brings together pathologists from all over India
(http://www.pathoindia.com). For some time the groups was using a discussion group on iPath
with a virtual portal (http://telemed.ipath.ch/pathoindia) for their case discussions. However,
most active members have later moved to the new Histology Forum and are now using this more
international group for the discussion of interesting and complicated cases.
Donetsk Regional Telemedicine Group (39 cases)
A group of physicians from the region of Donetsk, Ukraine, who translated iPath into Ukrainian
and who run their own virtual portal on http://telemed.ipath.ch/donetsk. This groups is mainly
used for presentations and discussions in the ﬁeld of gynaecology and obstetrics.
RAFT- Forum (16 cases)
RAFT is the “réseau de télé-enseignement et de télémédecine en Afrique francophone” (French
African tele-education and tele-medicine network) organised from Bamako, Mali, and the Uni-
versity of Geneva, Switzerland. Since 2001 the network has been active and the main activity
has been broadcasting lectures from Europe to Africa and also from Africa to Europe. For ex-
ample, the students of tropical medicine in Geneva can use the network to attend lectures from
the medical faculty of the University of Dakar, Senegal. These distance lectures are organised
by means of the e-Course platform of the University of Geneva[53]. Recently, the network has
started to use iPath for tele-consultations and is running a virtual portal on our server, on which
the default language is French (http://telemed.ipath.ch/raft/).
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DermArena is one of the youngest projects on iPath. It is a virtual portal for the Swiss Society
of Dermatology used mainly for broadcasting CME seminars, regularly organised by the soci-
ety. This group utilises the distributed presentation module of iPath. An application associated
with DermArena are the virtual case rounds organised be the French-speaking dermatologists in
Switzerland using the group “Suisse DermatoPratique”. Once a month an interesting or prob-
lematic case is presented live using the distributed presentation module within a group of Swiss
dermatologists. While the number of cases (14) is not very high, it is interesting to note that the
group has by far the highest number of visits per case: on average every case is visited 170 times!
Solomon Islands Telemedicine Network
Since 2001 the National Referral Hospital in Honiara (NRH) has been using iPath for telepathol-
ogy consultations with external specialists. In 2005 a group of physicians from NRH together
with the Ministry of Health has come up with the idea of using iPath to provide consultations
to the provincial clinics which are mostly located on other islands. Nurses and doctors from the
provincial clinics shall have the possibility to consult with the specialists in Honiara. If there
is no appropriate specialist available in Honiara, an external group of specialists for secondary
consultation is previewed.
Besides the consultations for provincial clinics, the network will also enable consultations in re-
spect with physical patient referrals from NRH to the St. Vincent’s Hospital in Sydney, Australia.
Additionally, the Solomon Islands telemedicine network is also planning to use the distributed
presentations module to organise regular CME for the staff at NRH and also for the provincial
clinics. A short overview of the project is included in 16.3 on page 166.
7.3. iPath in Developing Countries
Many of the applications described in the overview above include participants from developing
countries. Over a third of all clinical cases presented on iPath originated from outside of Western
Europe and US (c.f. table 8.1). Especially the diagnostic consultation groups for South East
Asia (Cambodia, Laos, Bangladesh) and the Paciﬁc as well as the Histopathology Forum with
submissions from India, the Arab region, Armenia, etc. have been very active (c.f. detailed
chapters below).
One of the objectives in the development of iPath was to ensure that medical specialists from dif-
ferent geographic regions, different time zones and especially with very different infrastructure
can collaborate on the same set of data. A key functionality of iPath is that a consultation can
be initiated by sending an email to the iPath-server, which is by far the most convenient way of
data transfer in most low resource settings (c.f. table 8.1). For the consultants, it is often more
convenient to work with the web interface of iPath. On the on-line site of iPath consultants can
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been given by others. However, all comments are sent back to the case submitterby email. These
emails are generated automatically by iPath and they always include a full case report with the
original case description plus all the comments given so far.
The concept of iPath makes it attractive for specialists from industrialized nations to use it bene-
ﬁcially for their own purpose. However, once they are familiar with iPath itself, it is often much
easier to invite these specialists for collaboration with partners from developing countries.
7.4. Other Applications of iPath Software
While most telemedicine projects working with iPath are using the iPath-server at the University
of Basel, there are some projects which are using the iPath software independently in their own
IT environment.
One such installation was done at the Walter Sisulu University (WSU), the former University of
Transkei (UNITRA), in Mthatha, South Africa, during my research stay there in 2003. Reasons
to install a separate server at WSU were 1) increasing speed of access by eliminating the need
for international bandwidth when using the server in Basel and 2) fostering regional organisation
and facilitating the integration of telemedicine with the local health system.
This server is serving two main purposes. The ﬁrst is a diagnostic tele-dermatology service
which is available to all primary care facilities in the province. This service is now managed by
the Telehealth Committee of the Department of Health of the Eastern Cape Province. Despite its
availability the service was so far only used by three clinics with a majority of consultation from
one general practitioner in Port St. Johns[22]. This is mainly due to the lack of digital cameras
and computers with an Internet connection in the clinics and lacking training. The Department of
Health has planned to equip approximately 10 clinics (personal communication by the director
of the Telehealth Committee). However, the plans are still on paper only and have not been set
into practice.
A second application of iPath at WSU is the ﬁeld of problem-based learning for the students of
the medical faculty. A major problem in the problem-based learning course has always been the
availability of copies of all documents (x-rays, ultra-sound images and other illustrations) for all
students. A selection of “learning problems” is now made available to the students through the
iPath server.
Since other institutions can download iPath freely, we do not exactly know how often and for
what purpose it is being used. However, the statistics on sourceforge1, the website on which
the source code is available, show that since the initial release in May 2001 there have been
over 5’000 software downloads. Some of the institutions that use iPath include the Department
of Pathology of the University of Pittsburgh Medical School (USA), the Argentinian society of
cardiology, HealthNet Nepal, University of Udine (Italy) as well as several non-medical projects.
1http://www.sourceforge.net/projects/ipath
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group name members cases comments comment
per case
average case
views
users seding
cases
users seding
comments
Brustzentrum Dresden 20 1375 20 0.01 15.49 10 6
Sihanouk Hospital Center of
HOPE, Cambodia
66 1296 2861 2.21 31.17 7 35
South Paciﬁc 79 499 1134 2.27 41.10 11 29
Oncology Center Lorrach 148 475 159 0.33 40.61 14 16
Bangladesh 65 346 1549 4.48 58.12 3 34
Feldstudie Telepathologie 22 325 390 1.20 16.07 12 17
Basel Atlas Daicker 5 247 532 2.15 30.27 1 4
Laos Vientiane 58 229 450 1.97 28.03 8 26
Histopathology Forum 242 225 1069 4.75 87.72 18 57
Basel Ophthalmologie 2 203 247 1.22 11.37 2 3
Telecytology Basel 16 168 700 4.17 54.29 1 8
Iran Pathology Group 43 163 671 4.12 45.99 5 24
Radiologie Lorrach 7 162 1 0.01 9.53 1 1
Ukrainian Swiss Perinatal Health
Programme
113 159 308 1.94 60.53 27 40
AG Knochentumoren 52 140 993 7.09 118.66 28 29
AG Mamma- und
Gynakopathologie der SGP
37 120 7 0.06 27.28 17 3
Expertgroup Pathology Basel 33 119 336 2.82 26.34 10 15
Knochentumor-Kommission 35 91 429 4.71 74.90 2 15
Dresden 15 83 168 2.02 24.72 2 9
WGS 16 78 28 0.36 30.41 12 4
Basel Ovarzentrum 3 70 0 0.00 16.27 1 0
Zurich Neuropathology 11 64 2 0.03 11.81 4 2
Ethiopia Pathology 29 61 141 2.31 47.92 2 13
Hematopathology 43 52 243 4.67 66.58 10 24
Qualitatszirkel BV Pathologen
Sudbaden
6 51 4 0.08 7.65 2 1
Lithuanian Pathology online 50 46 116 2.52 55.89 9 10
PathoIndia 218 43 206 4.79 96.00 9 34
Paciﬁc Pathology Group 91 41 126 3.07 43.34 7 15
Novartis Ophthalmology 3 41 8 0.20 12.41 2 1
Basel Surgical Pathology 84 40 13 0.33 34.55 3 8
Donetsk Regional Telemedicine
Network
188 39 49 1.26 41.08 7 6
Nierenbiopsie-Diagnostik 27 36 4 0.11 31.19 2 1
Telecytology Honiara 19 35 143 4.09 52.51 4 10
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Hepatopathology 8 35 16 0.46 12.94 4 4
Georgia Telemedicine 28 31 104 3.35 60.77 6 17
Basel Image Pool 31 28 5 0.18 53.54 3 4
SAKK 30/01 HOVON 43: Review 8 28 1 0.04 70.00 4 1
Umtata 32 27 85 3.15 61.52 2 15
Norodom Sihanouk Hospital,
Cambodia
25 25 89 3.56 58.00 4 15
Basel Oberholzer 62 25 25 1.00 50.52 5 7
Romania Neonatology 46 23 47 2.04 55.57 9 15
Georgia Project 5 22 2 0.09 10.09 3 2
African Dermatology Forum 80 18 40 2.22 52.06 7 11
Basel Pathology Microscopy 46 18 14 0.78 44.67 5 7
RAFT - Forum 56 16 56 3.50 63.19 9 12
International Gynaecology,
Pediatric and Adolescent
Gynaecology
147 16 13 0.81 45.94 5 5
Leukemia Cytogenetics 8 16 23 1.44 31.31 1 5
Suisse DermoPratique 29 14 10 0.71 169.93 2 7
Basel Augenklinik 5 14 28 2.00 43.93 3 3
St.Gallen Pathologie 3 14 0 0.00 28.50 1 0
African Radiology and Ultrasound
Forum
186 13 30 2.31 48.38 8 11
Swiss Lung Pathology Group
(SLPG)
15 13 12 0.92 44.38 5 4
SAKK Leukemia group 19 13 17 1.31 31.38 4 4
SOL National Referral Medical
Center (NRMC)
31 12 49 4.08 52.50 5 13
Vietnam 12 12 29 2.42 32.50 1 4
Zytologie UKE Hamburg 5 12 16 1.33 14.67 1 2
SOL National Health Education
Center (NHEC)
26 12 1 0.08 19.17 2 1
Lung consult 16 11 13 1.18 90.00 3 5
Tropical Dermatology and
Venerology Forum
23 11 19 1.73 35.82 2 4
Bern Leukoplakie-Projekt 6 11 8 0.73 49.91 3 3
International Perinatal Group 81 11 9 0.82 20.82 2 2
Port St Johns, ZA 3 11 5 0.45 23.09 2 1
Pathologie Thun 33 11 2 0.18 55.18 1 1
Suisse DermoTeach 2006 5 11 0 0.00 32.82 2 0
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Abstract
In many developing countries there is an acute shortage of medical specialists. The special-
ists and services that are available are usually concentrated in cities and health workers in rural
health care, who serve most of the population, are isolated from specialist support[50]. Besides,
the few remaining specialist are often isolated from colleagues. With the recent development
in information and communication technologies, new option for telemedicine and generally for
sharing knowledge at a distance are becoming increasingly accessible to health workers also in
developingcountries. Since 2001the Departmentof Pathologyin Basel, Switzerland is operating
an Internet based telemedicine platform to assist health workers in developing countries. Over
1800 consultation have been performed since. This paper will give an introduction to iPath - the
telemedicine platform developed for this project - and analyse two case studies: a teledermatol-
ogy project from South Africa and a telepathology project from Solomon Islands.
698.1. Introduction
Health providers like doctors and hospitals in developing countries often suffer from limited or
non-existing access to specialists[18, 50, 75, 130]. For example, the National Referral Hospital
(NRH) in Honiara, the only major hospital on Solomon Islands serves a population of approxi-
mately 450’000 people and there is not a single pathologists or dermatologist. In 2001, a sim-
ple histology laboratory was set up in Honiara. Microscopic slides are prepared in the lab and
subsequently photographed with a digital camera and submitted via email to an Internet-based
telemedicine platform located at the University of Basel, Switzerland. Several pathologists in
Europe review these images and within 8.5 hours (median) a diagnosis is made available to the
surgeon in Honiara[18].
Following the successful example of telepathology in Honiara, other projects started using that
telemedicine platform and now there are approximately 70 consultations from developing coun-
tries every month. While pathology had been the ﬁrst applications, there are now several tele-
dermatology projects in Africa using this platform and also one large project for neonatology
consultations in Ukraine.
In all these examples, telemedicine is not used directly by the patient but primarily by doctors
and nurses who need the additional input from specialists to improve the services that they are
delivering.
8.2. iPath - a Hybrid Web and Email Based Telemedicine
Platform
Since 2001, the Department of Pathology of the University Hospital Basel has been developing
the iPath software (http://ipath.ch), an open source framework for building web and email based
telemedicine application[16, 21]. iPath provides the functionality to store medical cases with
attached images and otherdocuments into closed user groups (c.f. Fig 8.1). Within these groups,
users can review cases, and write comments and diagnosis. Additionally, users can subscribe for
notiﬁcations so that they get an automatic email if e.g. a new comment was added to one of their
cases or if a new case is entered into a group.
Technically, iPath is a web application written in PHP. From the functionality it is somewhere
between a content management system (CMS) and a group-ware tool. All users are organised
into severaldiscussiongroups. Every discussiongroup has at least one moderatorwho can assign
other users to the group and who can delete erroneous data. Thus, the system does not need to
be administrated centrally as every group is administrating itself[18].
A very useful function of iPath, especially for areas with limited resources is the automatic email
import. Users must once specify a group into which they would like to store cases sent by email.
Then they can send a case to iPath as an ordinary email from any email client, typing the case
title as the subject of the email, the clinical description as main text and simply attaching images.
70Figure 8.1.: A typical case in iPath. This is an example of a telepathology consultation from
Ethiopia. At the top there is the general case information (sender, submission date) followed by a
clinical description and an image gallery. Below, specialists can state their comments and diagnosis.
71Users Cases Images daily logins
(2004)
submissions
by email
total 1213 5016 33247* 38 32.12%
developing
countries
84** 1798 14006 74.17%
Table 8.1.: Usage statistics of iPath (24.12.2004)
* average ﬁle size 93KB. Besides images there were another 5864 ﬁles (pdf, powerpoint etc)
** only 47% of users speciﬁed country of origin.
iPath will automatically import such cases into the group speciﬁed. Table 1 illustrates that out
of 1798 cases submitted from developing countries, 74% were submitted by email (compared to
32% of all case submissions world wide)
The iPath software has been released as an open source project that can be used for regional
networks and by other projects. Currently, the main usage of iPath is the telepathology network
at the University of Basel with over 1000 users world wide (c.f. Section 8.2.1). However, we
are aware of iPath being used for regional telemedicine networks in South Africa, Nepal, North
West US, West Africa, Switzerland and in Germany. However, as the code is freely available,
there might be more applications that we are not aware of.
8.2.1. Telemedicine Platform at the University of Basel
Since 2001, the Department of Pathology of the University Hospital Basel, Switzerland, is op-
erating an open telemedicine platform based on iPath1 [16, 21, 18]. In the beginning the plat-
form was mainly used for telepathology projects in Switzerland and for collaboration with some
pathologists in developing countries. Meanwhile, the platform has over 1300 users and more
than 5000 cases have been discussed so far (c.f. Tab. 8.1). Besides the pathology projects at our
department, the platformis used for a widerange ofapplication- from telepathologyon Solomon
Islands[18] to neonatology discussion in Ukraine (59 users) to teledermatology consultations in
Africa (over 50 consultations)
Table 8.1 shows the basic usage statistics of this platform. By the end of 2004 there were 1213
users of which 84 had speciﬁed coming from a developing country (only 47% of all users spec-
iﬁed a country of origin, so probably there are more form developing countries). Since the start
of the project in September 2001 a total of 5016 cases with totally 33247 images have been sent
to the server - on average 6.7 images per cases. The average image size was 93KB. If we look
at developing countries only, there were 1798 cases submitted with a total of 14006 images - on
average 7.7 images per case. For the year 2004 there was an average of 67 consultations from
developing countries submitted every month. Figure 8.2 illustrates the origin of all these con-
sultations. The largest contribution was from a telepathology project at the Sihanouk Center of
Hope in Phnom Penh, Cambodia, which submitted over 700 cases.
1http://telepath.patho.unibas.ch
72Figure 8.2.: Consultations submitted from developing countries since the start of the iPath server
in Basel in September 2001. Two major parts of the submissions are from the telepathology projects
in Cambodia (743) and Solmon Islands (471).
Figure 8.3.: Distribution of image size for consultations submitted to the Basel telepathology
server. From September 2001 to December 2004 a total amount of 33247 images with an average
ﬁle size of 93KB have been submitted (c.f. Table 8.1).
738.3. Case Studies
iPath is used for a wide range of telemedicine applications. To illustrate the practical application
and outcome in low resource settings we will study two examples.
8.3.1. Teledermatology in Port St. Johns, South Africa
Port St. Johns is a small provincial town on the east coast of South Africa. It is located in the
former Transkei which used to to be an ’independent’ homeland during the apartheid. Now, the
region is one of the poorest in South Africa. In the rural Port St Johns district, the population
numbers about 75 000, the majority of which lives below the poverty line. Primary health care
is provided mainly by nurses at state funded clinics, supported by general practitioners in the
public and private sectors. In the last decade, the number of doctors in the district has varied
between two and six. The referral hospital at Umtata is 100 Km distant but since 1998, has no
had a specialist dermatologist permanently. At times the closest dermatology specialists was in
East London, 350km from Port St. Johns. Hence, family practitioners have to diagnose and treat
practically all dermatology problems (~15% of all consultations). To improve access for pa-
tients to dermatological care and to improve family practitioner clinical skills, a teledermatology
project was initiated in April 1999[116]. The project started with email based store-and-forward
teledermatology, and since 2002 it is using iPath. In the ﬁrst year the server in Basel was used but
since 2003 the Telemedicine Unit[116, 138] of the University of Transkei (UNITRA) in Umtata
is running a regional telemedicine network based on the iPath software (http://telemed.utr.ac.za)
which is now being used by the teledermatology project in Port St. Johns.
For the telemedical consultations images are captured with a digital camera (ﬁrst an Olympus C-
1400XL and later an Fuji 2 mega-pixel). Images were resized using AdobePhotoshop or GIMP2.
In the beginning images were submitted by plain email with attached pictures. However, text and
pictures easily got separated and misﬁled. Thus patient information and images were compiled
into an HTML page which worked well but was a very time consuming process. Finally, using
iPath, clinical information and images are sent by plain email to the iPath server, where they are
automatically inserted into a database and presented to the dermatology specialist in form of a
concise web page. Besides the ease of use, the automatic email notiﬁcations system of iPath has
also helped to reduce turnaround times. From an average response time of over 30 days, it is now
at 6.5 days since consultation are done using the iPath platform at UNITRA.
Since 1999, 110 patients from Port St. Johns have been diagnosed using teledermatology. 76
patients where female and 34 male with an average age of 32 years. In 105 cases a telemedical
diagnosis was possible and in 104 cases this assistance was judged helpful by the general prac-
titioner (GP). For 57 cases, the telemedical diagnosis enabled an improvement of the treatment
(unpublished data, an evaluation of the project is in preparation). The major outcome however
is not only the direct improvement for the patient but also the fact that teledermatology helped
2Open Source image manipulation program - http://www.gimp.org
74the GP to improve his skills in diagnosing and treating dermatology problems appropriately, or,
citing the GP: ”The number of cases dropped off over the years. This is deﬁnitely due to my
improved skill in diagnosis due to learning.”
8.3.2. Telepathology on Solomon Islands
The National Referral Hospital (NRH) in Honiara is the only major hospital in Solomon Islands,
an independent state with approximately 450’000 inhabitants, tucked away in the south west
of the paciﬁc ocean. The NRH is the only referral hospital for the 8 provincial hospitals. The
country has about 40 doctors but not a single pathologist and consequently tissue samples for
histological examination have to be sent by airmail to the nearest pathology service in Brisbane,
Australia and it is not unlikely that the doctors at the NRH have to wait 3-6 weeks before the
histological diagnosis is returned from Brisbane. Besides, the state of Solomon Islands consists
of over 900 islands, spread out over hundreds of kilometers. Patients from remote islands have
to travel by boat for days to reach the hospital on the main island. For many patients it is difﬁcult
to return home to wait until a diagnostic result has arrived at the NRH and as a consequence,
treatment decisions often have to be made without a histological diagnosis.
A smallhistologylaboratorywas establishedattheNationalReferral Hospital(NRH) inHoniara,
Solomon Islands, in September 2001, allowing the preparation of H&E stained sections. Gross
specimen are prepared by the surgeon, processed in the laboratory and the slides are usually
ready two or three days later. From the microscopic sections prepared in this laboratory, digital
photographs are taken using a Nikon CoolPix 990 Camera mounted on a Nikon OptiPhot 2
microscope. These pictures are usually scaled to approximately 600x400 pixels (typically 20KB
- 70KB) then sent via email to the telepathology server at University of Basel[18].
During a two year period from January 2002 and December 2003 a total of 333 pathology con-
sultations where submitted from NRH to the telepathology server in Basel. These consultations
were submitted by email with a short clinical description and with images as attachments (av-
erage 8.8 images per consultation). In 50% of all consultations a ﬁrst report from a pathologist
was issued in 12h or less (cf. Table 8.2).
A major improvement in the project was the introduction of a virtual institute[21, 18]. A virtual
institute is a group of experts with a duty plan. Every week one specialist is ’on call’ and the
iPath system automatically notiﬁes the ’expert on call’ about any new cases and also about new
comments from other experts. Besides, the expert on call was asked to mark a diagnosis as ﬁnal
if in his or her opinion, a diagnostically conclusive response was possible based on the submitted
material. This organisation helped to reduce the turn around time for diagnosis from 28h in the
beginning (phase I in table 9.1) to 8.5h after the introduction of the virtual institute (phase II).
75Phase I Phase II total
Number of consultation 73 260 333
First response after (median) 28h 8.5h 12h
Consultation possible 93.2% 94.2% 94.0%
Additional images requested 24.7% 10% 13.2%
Table 8.2.: Telepathology consultations from National Referral Hospital in Honiara, Solomon Is-
lands. Phase I are the consultations before the introduction of the virtual institute (cf. text) which is
the time from January 2002 to October 2002. Phase II describes the situation from November 2002
to December 2003 after the introduction of the virtual institute. The second line indicates the median
time between submission of the case by email and the ﬁrst response from a pathologist. (Figure from
Brauchli et al. 2004)
8.4. Discussion
When iPath was developed it was not primarily intended for telemedicine in low resource set-
tings, however, it turned out that an easy to use telemedicine solution which does not have high
demand on bandwidth can be a very helpful tool in developing countries. The platform has been
very well used by health professionals working in developing countries to consult with special-
ists from other parts of the world to overcome the professional isolation often present in remote
hospitals and to improve their skill and services they can deliver to their patients.
Looking at the usage of iPath over the past 3 years we can observe a number of different types of
applications. Firstly there are remote consultations where typically a doctor at a remote hospital
consults with a group of distant specialists. Secondly there is a growing number of general dis-
cussion groups (not only on iPath) where specialists working in isolation are sharing knowledge
and experience with distant colleagues. Besides, iPath is more and more used for decentralised
studies, where a number of partners are jointly collecting data on a special topic (research, qual-
ity control, etc). Data can be text, images and also custom forms for capturing structured data.
The advantageof an Internet based solutionis that every partner can at any time review the whole
collection and compile statistics.
As iPath is developed as an open source project and distributed under the General Public License
(GPL3) its use is not restricted to the telemedicine server of the University of Basel. The open
source license allows other projects to use iPath and adapt it to their needs. As telemedicine
is primarily used by specialists in centrally located institutions, it bears the risk of inducing a
digital divide within a developing country if the periphery of the health system is not involved
in the development of the network[53]. Besides there are often cultural differences and language
barriers that are difﬁcult to address in large international projects. The open source nature of
iPath allows such adaptations and it is easily possible to reproduce working regional solutions as
free and open source software can be adapted and distributed.
3Free Software Foundation - http://www.fsf.org
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Abstract
The National Referral Hospital in Honiara, Solomon Islands, has used an Internet-based system
in Switzerland for telepathology consultations since September 2001. Due to the limited band-
width of Internet connections on the Solomon Islands, an email interface was developed that
allows users in Honiara to submit cases and receive reports by email. At the other end, consul-
tants can use a more sophisticated Web-based interface that allows discussion of cases among
an expert panel. The result is a hybrid email- and Web-based telepathology system. Over two
years, 333 consultations were performed, in which 94% of cases could be diagnosed by a remote
pathologist. A computer-assisted ’virtual institute’ of pathologists was established. This form of
organization helped to reduce the median time from submission of the request to a report from
28 h to 8.5 h for a preliminary diagnosis and 13 h for a ﬁnal report. A ﬁnal report was possible
in 77% of all submitted cases.
799.1. Introduction
The National Referral Hospital (NRH) in Honiara is the only major hospital in the Solomon
Islands, an independent state with approximately 450,000 inhabitants, in the south-west of the
Paciﬁc Ocean. The NRH is the only referral hospital for the eight provincial hospitals. The
country has about 40 doctors but not a single pathologist and consequently tissue samples for
histological examination have to be sent by airmail to the nearest pathology service, which is in
Brisbane, Australia. With the decline in tourism after the civil disorder in 1999, transport to the
Solomon Islands has become even more limited. It is common for the doctors at the NRH to wait
for three to six weeks before a histological diagnosis is available from Brisbane.
Patients from remote islands have to travel by boat for days to reach the NRH on the main
island. For many patients it is difﬁcult to return home to wait until a diagnostic result has arrived
at the NRH and, as a consequence, treatment decisions often have to be made without a ﬁrm
histological diagnosis. Recent advances in telecommunications and telemedicine suggest ways
of overcoming such problems. There is growing evidence in the literature that telemedicine is a
feasible tool, even for countries with less well developed telecommunications infrastructure[44,
49, 130, 126, 140, 148, 167]. However, most of the reports deal with teledermatology[126, 130]
and teleradiology[49], and there is little published experience in the ﬁeld of telepathology in
developing countries (only one citation in PubMed[101]).
We have therefore employed iPath, a hybrid Web- and email-based telemedicine system devel-
oped at the University of Basel[16, 21, 113]. Basically, iPath is a collaborative platform that
allows a group of specialists to discuss cases; these typically consist of a clinical description and
attached images or other multimedia objects. A special feature of iPath is that it offers static
as well as dynamic telepathology[32] and also several interfaces for access to data. A user can
work via an email or a Web interface, but there is also the possibility of interactive remote con-
trol of a robotic microscope. iPath is available as free software[69]. In October 2001, when the
project was started, the Solomon Islands telecommunications provider had a 128 kbit/s link to
the Internet, which had to be shared by all Internet users in the country. Because of this limited
bandwidth, only static telepathology was practicable.
9.2. Methods
A small histology laboratory was established at the NRH in Honiara in September 2001 that was
able to prepare sections stained with haematoxylin and eosin. The processing of the specimens
was done manually, because the repair and maintenance of any specialized automatic equipment
are difﬁcult. The gross specimens are prepared by the surgeon and the slides are usually ready
two or three days later.
From the microscopic sections prepared in this laboratory, digital photographs are taken using
a digital camera (CoolPix 990, Nikon) mounted on a microscope (OptiPhot 2, Nikon). These
80pictures are usually scaled to approximately 600x400 pixels (typically 20-70 kByte) then sent
via email to the telepathology server at the University of Basel.
The telepathology server in Basel is based on iPath[69]. Originally, iPath was developed as a
consultation platform that offered access through a Web browser. However, the experience in
the Solomon Islands led to the development of email-based access. The server can automatically
import cases from email. The email text is stored as the case description and the attached images
are placed in an image gallery.
These cases are then reviewed by an international group of pathologists. These pathologists are
organized as a ’virtual institute’ (VIRIN [21]) using the ’expert group’ facility of iPath. As in a
real institute, there is always one pathologist on call. When a new case arrives, the pathologiston
call is automatically notiﬁed by email. The pathologist will then use the Web interface to review
the case (Fig 9.1).
If a diagnosis can be given easily, the expert on call will simply write the diagnosis and label it
as ﬁnal. The system will then close the case and send the diagnosis automatically to the NRH by
email. If the case is more complicated, the expert on call may state a preliminary diagnosis and
then link the case to the VIRIN. Other members of the VIRIN are informed of the case by email
and can report their opinion. These opinions are collected inside the VIRIN and are not directly
accessible to the sender of the case. Finally, the expert on call will summarize the opinions of
his or her colleagues and will write it down in the original case report. The referring doctors
can read this diagnosis online or, in places where online Web access is difﬁcult, the server can
automatically send the ﬁnal diagnosis by email.
9.3. Results
Between January 2002 and December 2003, 333 pathology consultations were submitted, by
email, from the NRH to the telepathology server in Basel. These consultations comprised a short
clinical description and images as attachments (an average of 8.8 images per consultation). In
50% of all consultations, a ﬁrst report from a pathologist was issued in 12 h or less (Table 9.1).
Thecases were submittedintwo phases: phaseI includedallcases thatwere submittedbeforethe
introductionoftheVIRIN inOctober2002, whilephaseIIincludedallcases submittedthereafter.
During phase I, 73 cases were submitted. During this 10-month period, the pathologists were not
organized in any particular way. Every pathologist would log into the system now and then and
report on new cases. As Table 9.1 illustrates, in 50% of the cases a response from a pathologist
was made no later than 28 h after submission of the case (on average within 32 h). In 25% of all
submitted cases, the pathologists asked for additional images and requested a speciﬁc location
and magniﬁcation for these images. Overall, in 93% of the cases, the submitted material was
suitable for at least some degree of diagnostic interpretation.
One of the major problems with this method of collaboration was that the doctors in Honiara
were left to surmise a conclusive diagnosis from the comments of the different pathologists.
81Figure 9.1.: The iPath Web interface. Every case consists of a header with information about the
sender, date and title, followed by a clinical description and an image gallery. Images can be enlarged
and the experts can enter their comments and diagnosis at the bottom of the page.
Table 9.1.: Telepathology consultations from the National Referral Hospital in Honiara
Phase Ia Phase IIb Total
Number of consultation 73 260 333
Median time to ﬁrst response (h) 28 8.5 12
Consultation possible 93.2% 94.2% 94.0%
Additional images requested 24.7% 10% 13.2%
aPhase I consultations took place from January 2002 to October 2002, before
the introduction of the “virtual institute” (VIRIN).
bPhase II consultations took place from November 2002 to December 2003,
after the establishment of the VIRIN.
82Table 9.2.: Results of the virtual institute
Results from 260
consultations (phase II)
Median (mean) time to ﬁnal diagnosis (h) 13 (31)
Consultations with ﬁnal report 77%
Second-opinion consultation in the VIRIN 17%
Median (mean) time to ﬁnal diagnosis after
VIRIN consultation (h)
74 (89)
Mean number of second opinions in the VIRIN 3.7
This led to the idea of forming a VIRIN, where second-opinion consultations were gathered in a
closed discussionamong thepathologists. Eventuallyonepathologistsummarizedthe discussion
and attached a conclusive response to the original case. This response was then automatically
emailed to the doctors in Honiara.
The software to support the VIRIN was developed during October 2002 and in November the
eight participating pathologistswere reorganized as a VIRIN. A duty plan was prepared and each
week one pathologist was on call. The iPath system automatically notiﬁed the pathologist on
call about any new cases and also about new comments from other pathologists. In addition, the
pathologiston call was asked to mark a diagnosisas ﬁnal if, in his orher opinion, a diagnostically
conclusive response was possible based on the submitted material.
In phaseII, from November2002 to December 2003, a totalof 260 cases were submitted. In 50%
of the cases the response time for a preliminary diagnosis was less than 8.5 h (mean 22 h) (Table
9.1). In 77% of all submitted cases, the pathologist on call submitted a ﬁnal diagnosis (Table
9.2). The median response time for a ﬁnal diagnosis was 13 h (mean 31 h). Eighty-three per cent
of these cases were signed out directly by the pathologist on duty without further consultations,
but in 17% a second opinion was requested from the VIRIN. On average, these cases received
3.7 comments from the VIRIN and for the cases discussed in the VIRIN a ﬁnal diagnosis was
available after a median of 74h (mean 89h).
It is noteworthy that, for the 260 phase II cases, a consultation was possible in 94% and only
77% were signed out with a ﬁnal diagnosis. In other words, in 6% of the submitted cases the
material was not sufﬁcient for any kind of medical interpretation. The main reasons were tech-
nical problems or communication failures. For a further 17% of all cases, a preliminary medical
interpretation was possible, but the material submitted did not sufﬁce for the experts to reach a
conclusive diagnosis.
9.4. Discussion
Telepathology dramatically reduces the time from specimen collection to results. The system
established in the Solomon Islands is fast, convenient and cheap. The relatively quick results are
83a great relief for the patients, and for the relatives who are responsible for providing food and
basicservices forthepatientswhiletheyarein hospital. Therapidresultsarealso veryhelpfulfor
the doctors and help to overcome the professional isolation which is a problem in remote places
like the Solomon Islands. In particular, the direct interaction with the remote pathologist is a
great beneﬁt for the surgeons in Honiara. Finally, any reduction in hospitalization time should
reduce costs and pressure on bed space.
The two years of using the system have shown several advantages of the hybrid system:
1. Consultants mainly work with the Web-interface and thus they can see all the cases and
comments, and can easily identify difﬁcult cases, such as those that have been erroneously
submitted twice. Probably the most important advantage is that the experts can collaborate
easily and discuss difﬁcult cases within the expert group.
2. The email interface has proved to be very efﬁcient in terms of both time and resources for
the submission of cases and receipt of reports. The email interface does not implement all
functions, but there is always the possibility of looking up all previous consultations using
the Web interface.
3. System administration is very simple. Most settings can be adjusted by the users them-
selves.
There are also some disadvantages and limitations. Some training of the consultants is necessary
for their proper collaboration in a virtual institute. The time necessary to organize and train the
experts should not be underestimated. There are also some limitations that are inherent in all
types of store-and-forward telepathology. The main problem is that it is possible for the operator
in Honiara to miss areas important to the pathologist when taking pictures from the slides. This
could be a pitfall, although a comparison (unpublished) of the telepathology diagnosis with the
diagnosis based on reviewing the original glass slides has shown that in our series this is not a
serious problem in practice.
In addition, taking pictures, processing and sending them require some time and therefore ded-
ication. Thus it is important that the beneﬁts are clearly visible in Honiara. Another speciﬁc
limitation lies in the remoteness of the Solomon Islandsâit is much more difﬁcult to get broken
equipment repaired than in Europe. It is therefore important to choose equipment for robustness
rather than performance.
There are also some areas that need to be improved:
1. A major limitation is the insufﬁcient laboratory space that is available in Honiara. How-
ever, now that the positive results of the project have become obvious, it will be much
easier to convince the hospital administration of the importance of such a laboratory.
2. A substantialnumberof samplesare stillsent tothepathologylaboratory in Brisbaneand it
would be helpful to improve that collaboration. For reasons of quality control and ongoing
training, collaboration with a relatively nearby pathology institute remains desirable.
843. There is a major need for cytology as well as histology services. It would be desirable to
develop sampling procedures that allow an acceptable level of telecytology quality control
for cytological diagnosis without a resident specialist.
4. A fully automatic scheduling system needs to be developed for the telepathology software
(iPath). This should include adjustable, automatically supervised time limits for each sub-
process (ﬁrst response, ﬁnal diagnosis)so that if an expert does not respond, another expert
or an administrator is automatically informed. Such supervision would prevent some cases
from being overlooked.
Our experience is that it is not difﬁcult to produce goodquality slides in a simple histology labo-
ratory and send them by email to an expert on the other side of the world to provide a diagnosis.
Once set up properly, this is cheap and reliable, and would be useful for other remote places
where there is no histopathology service.
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10.1. Introduction
Telepathology or tele-medicine at large is the practise of delivering medical services at a dis-
tance using telecommunication and information technologies (ICTs), thus transporting a special-
ists knowledge to the patient rather than the patient to the specialist. In telepathology such a
service consist of delivering an anatomical pathological diagnosis based on microscopic images.
This involves preparation of tissue and capturing of microcopic images at the remote site and the
viewing and reporting of these images on a computer screen at the pathologists site. This can
be achieved by means of dynamic telepathology[42, 111, 114, 156] using a remote controlled
robotic microscope allowing the remote pathologist to select the ﬁeld of view and magniﬁcations
orby theso called static-imageorstore-and-forward telepathology[107, 153]. Morerecently, vir-
tual slide technology has become increasingly available, allowing the digitisation of a complete
microscopic slide[58, 157, 158].
While dynamic telepathology and virtual slides are relatively expensivetechnologies and require
a relatively high bandwidth, static-image telepathology has found broad application[7, 32, 38,
87162]. Many studies on the diagnostic accuracy of static image telepatholoy have been performed
and demonstrated the feasibility of the method[8, 39, 64, 82, 96, 97, 163] usually under the
precondition that the submitting partner is himself a pathologist who has the necessary training
of preparing tissue specimen and selecting relevant images under the micrscope. In the presented
study we will look look at the situation where the submitting partner (non-expert) is a small
hospital in a developing country with no resident pathologist.
Solomons Islands is an independent state in the south west-paciﬁc of the ocean with a population
of about 450’000 people living on the almost 1000 islands, forming a scattered archipelago of
mountainousvolcanoesand low-lyingcoral atollsstretchingoutoverabout900milesinthesouth
west of Papua New Guinnea. The only major hospital in the country is the National Referral
Hospital (NRH) in Honiara on the central island of Guadalcanal, staffed by about 20-30 doctors.
There is one radiologist, but no pathologist, ophthalmologist or dermatologist. Consequently,
tissue samples for histological examination have to be sent by airmail to the nearest pathology
service, which is in Brisbane, Australia. With the decline in tourism after the period of civil
disorder in 1999, transport to the Solomon Islands has become even more limited. It is common
for the doctors at the NRH to wait for 3-6 weeks before a histological diagnosis from Brisbane
is available.
In September 2001, a small histology lab was established at NRH and since then over 400 cases
have been diagnosed over a telepathology link with the Universityof Basel, Sweitzerland. Usage
of electronic communication and an efﬁcient organisation of a tele-consultation service resulted
in an average turn-around time for a diagnosis of approximately 12 hours after submission of the
images[18, 22].
To establish the diagnostic accuracy of static-image telepathology under these conditions, the
original glass slides were reviewed by an experienced pathologist and the results compared with
the original telepathology diagnosis and where available with the report from the pathology de-
partment in Brisbane.
10.2. Material & Methods
10.2.1. Telepathology System
Thetelepathologylinkbetween theNationalReferral HospitalinHoniara(NRH)andtheexternal
pathologists is implemented using the iPath telemedine platform[18, 20]. As there is no resident
pathologist at NRH, tissue specimen are selected and prepared in Honiara by the surgeon. In
a small histology laboratory, all samples are processed to parafﬁn blocks, cut into sections of
4−6mm and ﬁnally stained using hematoxylin and eosin (HE (Hematoxylin Eosin)) by a team
of two laboratory technicians.
Susequently, important areas of the slides are identiﬁed by the surgeon and photographed using
a digital camera (CoolPix 990, Nikon) mounted on a microscope (OptiPhot 2, Nikon). These
pictures are scaled to approximately 640x480 pixels (typically 20-70 kByte) then sent via email
88to the telepathology server at the University of Basel. Email transmission was done over a
33kb/s modem connection using a conventional telephone line and Solomon Telkom dial-up
internet services. Although modem speeds of up to 56kb/s are available in Honiara, using the
slower protocol at 33kb/s gave a more stable conenction and resulted in a better overall working
experience for the surgeons in Honiara.
The iPath server imports these emails automatically every 15 min and transfers them into the
case archive of the “south paciﬁc” group which is one of about 100 working groups on the iPath
server at University of Basel. A conﬁrmation of the receipt is sent to NRH by email and the
system administrator and the “pathologist on duty” are alerted by email. The expert pathologists
are organized as a ’virtual institute’ (VIRIN[21]) using the ’expert group’ facility of iPath. As in
a real institute, there is always one pathologist on call. When a new case arrives, the pathologist
on duty is automatically notiﬁed by email. The pathologist will then use the Web interface to
review the case (Fig 9.1).
If a diagnosis can be given easily, the expert on call will write the diagnosis and label it as ﬁnal.
The system will then close the case and send the diagnosis automatically to the NRH by email.
If the case is more complicated, the expert on call may state a preliminary diagnosis and then
link the case to the VIRIN. Other members of the VIRIN are informed of the case by email
and can report their opinion. These opinions are collected inside the VIRIN and are not directly
accessible to the sender of the case. Finally, the expert on call will summarize the opinions of his
or her colleagues and will write it down in the original case report, which is again automatically
forwarded to Honiara by email. All participating pathologists as well as the doctors at NRH can
also access the whole case archive online at any time.
10.2.2. Review
Out of totally 333 case submissions from the ﬁrst two years of telepathology at NRH a collective
of 280 cases have been selected for reviewing the diagnostic quality. This collective includes all
clinical cases for which the original glass slides could be retrieved from Honiara. Test cases and
cases submitted for instructional or educational purpose only were excluded. For some of the
cases included in the collective, a tissue sample was also submitted via airmail to the Queensland
pathology deparment in Brisbane. For 125 cases the report from Brisbane was available.
Out of the total collective of 280 a review was possible for 261 cases. 1 case was prepared in
the lab but never submitted by Telepathology (TP). 18 cases were excluded - in 14 cases the
TP diagnosis was deferred and in 4 cases a review diagnosis was not possible on the available
material. Finally, 261 cases of the initial 280 cases selected (93.2%) could be used for comparing
the performance and diagnostic accuracy of the telepathology set-up.
For all 261 cases, the original glass slides were reviewed using conventional light microscopy
by experienced pathologists (N.H.) of the Department of Pathology in Basel. All diagnosis were
graded as simple, medium or complex - indictating the complexity of rendering a diagnosis for
the presumed type of dissease based on H&E stained slides only. Additionally the reviewer
89classiﬁed every slide according to the quality of histologic preparation, sampling of tissue and
selection of images.
Allreviewdiagnosiswerethen comparedwiththeoriginalTPdiagnosisand whereavailablewith
the diagnosis from Brisbane. All diagnoses were graded according to the discrepancy between
the TP diagnosis, review diagnosis and diagnosis from Brisbane. The following grading was
used:
1. identical (complete concordance)
2. minor discrepancy (indentical from clinical point of view)
3. moderate discrepacy (clinically not important with regards to treatment options available
in Honiara)
4. marked discrepancy (clinically important)
Finally, thevalueofthetelepathologydiagnosisforthefurther treatmentof thepatientin Honiara
was noted for all consultations.
10.3. Results
10.3.1. Material Submitted
The collective of 261 cases included in the review consisted of tissue samples form 137 female
and 124 male patients with an age ranging from weeks old to 85 years (cf. ﬁg.10.1). Tissue sam-
ples submitted represented all organ system (cf. table 10.1) and many typical classes of disease
encountered in pathology (cf. table 10.2).
During the whole study 1844 images were submitted via TP – on average of 7.1 images per case
ranging from 3 to 20 images per case. 1709 images (92.7%) were submitted with the original
case submission. In 48 cases the pathologists asked for more images – 42 times for additional
ﬁelds of view and 6 times for stronger magniﬁcation. In 20 of these cases additional images were
submitted. Inan addional6cases thesurgeonsfromHoniarasubmittedadditionalimagesontheir
own account. A total of 135 images (7.3%) were submitted after the original case submission.
Out of the total of 1844 submitted images, 1796 (97.8%) were histological photographs, 11
macro photographs of tissue samples, 22 photographs of the patient and 15 x-ray images.
In addition to the images submitted by the surgeons in Honiara, the pathologist also had the
option of adding images to the case archive. In 6 cases the expert pathologist copied a low mag-
niﬁcation image from Honiara and illustrated inside the regions from which additional images
should be submitted.
90Figure 10.1.: Age distribution of the 261 patients included in the review study. The bars illustrate
the effective frequency of each age group for the whole collective. The lines indicate estimated
frequency distributions for the total collective and for male and female patients respectively.
Table 10.1.: Topography of submitted material submitted from NRH.
organ cases (n=261)
Skin 36
Uterus (endometrium, cervix) 33
Breast 31
Soft tissue 28
Lymphnode 26
Prostate 14
Mucosa 11
Colon, Thyroid gland, Bone 10 (each)
Parotis (salivary gland) 6
Testes 5
Urinary Bladder 4
Ovary, Synovialis, Tube 3 (each)
D. deferens, Epidermis, Eye, Liver, Pharynx,
Placenta, Tendon
2 (each)
aa Appendix, Bursa, Cartillage, Dura Mater, Ear,
Esophagis, Gignivia, Lung, Mediastinum, Stomach,
Tongue
1 (each)
91Table 10.2.: This table summarises the diagnostic discrepancies identiﬁed with respect the the class
of disease of the submitted material.
Class of disease discrepancies
identical minor moderate marked total
Manlignat 49 (58%) 6 (7%) 13 (15%) 16 (19%) 84
Suspicious for malig. 2 4 2 1 9
Benigne 18 (64%) 5 (18%) 3 (11%) 2 (7%) 28
Others/undetermined 6 1 2 3 10
Inﬂammation 40 2 6 2 50
Scar, ﬁbrosis 3 1 4
Hyperplasia 22 2 1 25
Tuberculosis 7 7
Inﬂammatory polyp 7 1 8
Abort 6 2 8
Endometrium (cycle) 6 1 1 8
Ulcer 3 3
total 181 21 32 27 261
10.3.2. Diagnostic Discrepancies
In 181 cases (69.1%) all diagnoses were identical (TP, review and Brisbane). 21 cases (8%)
showed minor and 32 (12.2%) moderate discrepancies which are not clinically relevant under
the circumstances given in Honiara. 27 cases (10.7%) exhibited a marked discrepancy between
the TP diagnosis and the review diagnosis or the diagnosis from Brisbane. In 20 cases (7.7%)
the TP diagnosis was markedly discrepant from the review diagnosis.
In 7 cases (2.7%) the review diagnosis and the diagnosis from Brisbane were different. These
inconsistent diagnosis are mainly to be attributed to sampling problems. With small biopsies it is
often a problem that the material could not be identically shared between TP and submission to
Brisbane. In the case of ﬁne needle aspiration (FNA (Fine Needle Aspiration)) for example, two
different samples from the seemingly same tissue are submitted, one to Brisbane and one for TP.
It is thus possible that only one contains tissue of a tumour. Such problems are not inherent to
TP, but may occur in routine pathology.
A glance at the distribution of the discrepant diagnosis (c.f. tab.10.2) reveleals that most cases
with marked discrepancies were encountered in the class of malignant tumours (16 out of a total
of 27). In the class of malignant tumour 19% of the TP diagnoses show a marked discrepancy.
For all other classes of disease together only 6.2% of all cases showed a marked discrepancy
(total collective: 10.7%).
Based on the diagnostic and clinical problem, every case was graded as simple, medium or com-
plex for diagnosis based on staic image telepathology. This grading quantiﬁes the pathologosts
“readyness” to commit a diagnosis based on the material and question presented on TP and was
done indepentenly form the review diagnosis. As ﬁgure 10.2 illustrates graphically, the majority
92Figure 10.2.: The grade of the TP dianogsis. 53% were judged as simple, 31% as medium and 16%
as complex. In the group of diagnosis graded as simple, the majority of TP diagnosis were identical
to to the review diagnosis (84.7%) or showed only minor (5.8%) or moderate (5.1%) discrepancies.
Only in 6 cases (4.4%) the TP diagnosis was markedly different from the review. For the medium
and especially for the complex diagnosis the percentage for discrepancies was much higher - 13.8%
for medium and 20.9% for the complex diagnosis.
of case that were regarded as simple the TP diagnosis was identical to the review diagnosis (85%
complete concordance and only 4% marked discrepacies).
10.3.3. Problematic Cases
Table 10.3 illustrates the problematiccases that showed either a marked discrepancy or for which
the value of the TP diagnosis was not graded as sufﬁcient for treatment. Of the 42 cases consid-
ered as problematic 20 showed a marked discrepancy between the TP diagnosis and the review
diagnosis based on the original slide.
The most commonly stated reason for discrepancy in table 10.3 is insufﬁcient image selection
which is mentioned 22 times. In 6 cases the reviewer came to the conclusion that no other reason
than a mis-interpretationof the images in TP can be identiﬁed (“TP incorrect”). 2 cases exhibited
insufﬁcient histological quality, in 2 cases the tissue sample was not representative to address the
clinical question of the submittingsurgeon and in 2 cases the major problem was communication
– in case 11 for example, the pathologists full answer was: “... The consensus diagnosis is
Phylloides tumor. The dignity of this tumor should be assesed on multiple sections taken from
multiple areas ...”. The surgeon failed to submit additional images and the pathologists also
neglected to speciﬁcally ask for additional images to be submitted.
10.3.4. Reasons for Diagnostic Discrepancies
In table 10.3 the reasons identiﬁed by the reviewing pathologist are listed. The most prominent
reason is inadequate selection of images. “TP incorrect” indicates that no other explanation than
93Table 10.3.: Problematic cases submitted from Honiara.
94Figure 10.3.: Development of diagnostic discrepancies over time. The rate of consultation with
identical diagnosis in TP and review increased from 55% in the ﬁrst semester to 74.8% in the last
semester. Concsultations with discrepand diagnosis dripped from 15% to 9.9%.
a failure on the side of the pathologist could be identiﬁed.
To analyse possible reasons for diagnostic discrepancies, the following four characteristics were
evaluated for all 261 cases: tissue sampling, quality of histology, image selection and communi-
cation. Table 10.4 summarises the results of this analysis. To analyze the correlation between
these factors and the diagnostic discrepancies, a multi-ﬁeld c2 was performed on all tables. The
quality of histology does not show any signiﬁcant correlation at all. Tissue sampling scored a c2
of 26.5 which indicates a signiﬁcant correlation (p<0.01). Communication problems and espe-
cially problems with image selection occur much more often in cases with marked discrepancies
between TP and review – c2 test shows a highly signiﬁcant correlation (p<0.001).
10.3.5. Development Over Time
The study includes case submissionfrom Septmeber 2001 to September 2003. In order to look at
the development of diagnosis over time, we grouped the consultations into 4 semesters (groups
of 6 month each). Figure 10.3 illustrates the development of the diagnostic discrepancies over
time. The number of consultations with identical diagnosis in TP and review increased from
55% in the ﬁrst semester to 74.8% in the last semester. It should be noted here that the absolute
amount of consultations also increased over time.
A similar improvement can be observed with regards to the quality of image selection by the
surgeon in Honiara who had to select a number of relevant images for submission to the pathol-
ogists. The proportion of consultation for which the selection of images was rated “relevant” by
the reviewing pathologistincreased from 35% in the ﬁrst semeseter to 68.7% in the last semester.
95Table 10.4.: Reasons for discrepant diagnosis.
Tissue Sampling total identical minor moderate marked
representative 175 133 14 16 12
representative for
diagnosis, not sufﬁcient
samples
25 13 3 7 2
not representative 12 5 1 1 5
no statement/other 49 30 4 8 7
c2 =26.5 (signiﬁcant, p<0.01)
Quality of Histology total identical minor moderate marked
very good 107 74 12 13 8
good 93 67 5 11 10
moderate 52 34 4 8 6
insufﬁcient 9 6 1 2
c2 =4.29 (not signiﬁcant)
Image Selection total identical minor moderate marked
all relevant changes
documented
156 132 8 9 7
appropriate for diagnosis,
some ﬁndings missing
32 22 5 3 2
moderate in quality or
quantity, but sufﬁcient for
diagnosis
40 25 6 6 3
insufﬁcient 33 2 3 14 14
c2 =103.9 (p<0.001)
Communication total identical minor moderate marked
efﬁcient 223 172 19 16 16
deﬁciency on case
submitter’s side
26 6 (1) 1 (1) 10 (10) 9 (8)
deﬁciency on both sides 12 3 (2) 1 (1) 6 (5) 2 (2)
(values in brackets indicate major communication problem)
c2 =64.6 (p<0.001)
96Figure 10.4.: Development of the quality if image selection over time. The proportion of consulta-
tion with insufﬁcient selection of images was reduced from 15% in the ﬁrst semester to 8.7% in the
last semester. The amount of consultation for which the selection of images was rated as relevant
almost doubled from 35% to 68.7%.
10.4. Discussion
Many hospitals in developing countries suffer from a lack of medical specialists. Telemedicine
may provide a possibility to overcome this limitation through collaboration with external spe-
cialists. A major limitation of telemedicine is the fact that some task that are conventionally
carried out by or under the supervision of one specialist need to be divided between different,
geographically separated partners. In case of the telepathology diagnosis at NRH, preparation of
the specimen (grossing) is done by a local surgeon with no special training in pathology. The
processing of tissue and preparation of slides is done by the laboratory in Honiara and ﬁnally
the selection of images under the microscope is carried out by the local surgeon. These tasks are
conventionally carried out or supervised by a fully trained pathologist.
This studyanalyses the consequences of such a separation of tasks and its effect on thediagnostic
accuracy of telpathology. Out of the 261 telepathology consultations studied in this paper, 20
cases (7.7%) showed a clinically relevant discordance between the TP diagnosis and the review
diagnosis1. 181 cases (69.1%) showed complete concordance between TP and review and 21
cases (8%) had minor and a further 32 cases (12.2%) had moderate discrepancy.
The selection of images is generally considered as the most problematic step in static image
telepathology[95, 150, 163]. This obersvation is also supported by this study, where we could
1If we also consider the diagnosis from the Queensland Health Pathology Department in Brisbane the ﬁgure is
increased to 27 cases (10.3%). The difference between the diagnosis in Brisbane and our review are difﬁcult to
asses as they have been carried out under very different conditions and the material examinaed was not always
completelyidenticalbecausein someoccasionsthe surgeonsfromHoniarahadtakentwo biopsiesandsubmitted
one to Brisbane and prepared the other for telepathology.
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tion. This is especially problematic if the case submitter who selects the images is not a trained
pathologist.
These results are comparable to other similar studies[38, 123, 150, 163, 178]. In the probably
largest study of static-image telepathology, published by Williams et al. in 2001[163] at the
Armed Forces Institute of Pathology (AFIP), 1250 second opinion consultations from patholo-
gists form all continents were reviewed. 73.7% of all reviewed submissions showed complete
concordance and 97.3% recorded a clinically relevant concordance. A more recent study of
telepathology in rural India[38] that evaluated 92 consultations, reported marked discrepancies
in 9.7%.
Another limiting factor that we observed was the quality of communication. In some cases the
pathologists asked for additional images or further clinical information, but the request was not
followed by surgeon in Honiara. Similarly in somecases where additional images or clinical data
were added by the surgeon the pathologists failed to revise their diagnosis. Ideally a telepathol-
ogy tool should help the users to solve this kind of communication problem. Based on these
experiences the iPath platform was extended with some tools that help to improve the ﬂow of
communication between pathologist and case submitter. A major step was the introduction of
a “virtual institute”[18, 21] in which each case is assigned to an expert on duty who is then
responsible for adequate processing.
A virtual institute (VIRIN) is a group of experts that may be responsible for a number of “case
submission” groups. All cases that are submitted to iPath to any of the submitting groups are
labeled as new (status is red) and are automatically placed on a review list for the expert on
duty. The expert can either sign out the case or refer it to the other members of the expert group.
If a diagnosis is possible on the material submitted, the expert on duty will add the diagnosis
as “ﬁnal comment” to the case and iPath will automatically close the case (status green) and
remove it from the review list. If additional images or further clinical information are necessary,
the expert will change the case status to in review (yellow) which indicates to both submitter and
expert that there are pending requests. If the case submitter has an additional question for the
pathologists he can also change the status of a previously closed case back to in review. All cases
labelled as new or in review are automatically placed on the review list which is available for the
expert on duty. Cases labelled as closed are removed from the review list.
If the case is difﬁcult, the expert on duty has also the possibility to refer the case to the whole
team ofexperts. On referral, iPathwill automaticallynotifyall expertsin thegroup by email. The
experts can then discuss the case withintheir own group and the expert on duty has the obligation
to summarise this discussion and write a short report back on the original case which is then
automatically sent by email to the case submitter. This procedure has proved to be very valuable
not only for improving the communciation but also for reducing the turn-around time[18].
Interestingly, in this study the quality of histological preparation of the slides did not affect
the diagnostic accuracy at all. This is probably mainly due to the fact that the laboratory in
Honiara has generally produced high quality slides – despite the very limited infrastructure, 77%
of the slides were of good or excellent quality and only 5 slides (2%) were of insufﬁcent quality.
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contrast to the AFIP study[163], we observed almost no images that were not in focus. Selection
of images and communication were the only problematic areas.
These observations are important due to the fact that the selection of images and especially
the issue of communication can be addressed mainly by continuous traning. Throughout the
project the pathologists tried to give some instructions on how to improve image selection where
necessary. This effort is refelcted by the improvement of image selection as well as the reduction
in diagnostic discrepancies over time (cf. ﬁg.10.3 and ﬁg.10.4).
10.4.1. Telepathology and Continuous Medical Education
Besides the immediate diagnostic results of these teleconsultations there is the aspect of con-
tinuous medical education and the problem of professional isolation that should be addressed
here, too. Lack of specialists in a tertiary hospital in a developing country does not only affect
the care of patients. Specialists play an important role in providing guidelines and continuous
medical education for the practising doctors. Health professionals in a hospital without medical
specialists have hardly the possibilityof discussing a difﬁcult case with an experienced specialist
and thus there is often a feeling of professional isolation. Compared to submitting specimen by
airmail, telepathology does not only reduce the turn-around time for diagnoses, but also offers
the surgeons the possibility to interact with the pathologist.
Another important impact of the telepathology link was that the input of pathologists was very
muchneeded toestablishthehistologylaboratoryin Honiarain theﬁrst place. Withoutaminimal
histology lab it will be most difﬁcult for the NRH to ever recruit a pathologist, but without the
feedback from a pathologist there is no real incentive for the lab to produce good quality slides
– a typical vicious circle. In Honiara, however, there is currently a young physician doing a
specialisation in pathology at the University of Papua New Guinea and in Australia. One of
his preconditions for coming back to Honiara was the availability of a minimal histology lab
with technicians that are able to produce good quality histological slides. And possibly the now
existing telepathology link that allows access to colleagues is only a ﬁrst step in establishing a
proper local pathology department.
10.4.2. Beyond (Tele-)pathology
The main objective of the telepathology project with the NRH was certainly to improve ac-
cess to pathology diagnoses. However, the project had some interesting side effects. By using
telepathology the doctors at NRH started to become familiar with telemedicine in general. Since
iPath is an open telemedicine platform, which is not at all limited to pathology, the staff at NRH
developed some ideas for extending the use of telemedicine (using iPath) to the provincial hospi-
tals and clinics throughout Solomon Islands offering doctors and nurses the possibilityto consult
with the doctors at the NRH and some of their afﬁliated colleagues overseas, mainly in Australia.
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tiatives. Some of these projects focused on linking rural clinics in developing countries directly
with specialists in the UK and Australia[141, 148]. While this may work well initially, there are
some inherent problems. Not all overseas specialists are familiar with the speciﬁc situation in a
country like Solomon Islands and may not be readily able to give advice that is relevant under
the local conditions. Besides, for complex cases that cannot be treated in the provincial clinic,
the major question is usually if and how a patient can be referred to the next level hospital within
the country. For this it is clearly necessary to consult with the doctors from that hospital.
The new project for a national Solomon Islands telemedicine network which is currently in a
planning phase puts the NRH in the centre of the network. All consultations from provincial
level are primarily directed to the NRH. However, it is planned to etsablish a network of external
specialists for different medical ﬁelds so that the staff at the NRH can refer certain cases to
the appropriate specialists. Technical support for this network will be provided through People
First Network2, a UNDP (United NationsDevelopmentProgramme)project for sustainablerural
networking on Solomon Islands.
It is also envisaged to utilizethis network in collaboration with St. Vincents Hospital in Syndney,
with which the NRH has an agreement to send a limited amount of patients for advanced treat-
ment. The telemedicine network could greatly help to improve the decision making on which
patients to send to St. Vincents. Finally, the network should also be available to organisations
such as the Paciﬁc Islands Project3, which regularely sends medical specialists to some paciﬁc
countries for short term visits.
10.5. Conclusions
This study clearly demonstrates that static image telepathology is a feasible tool for remote di-
agnosis in clinical pathology for hospitals with limited resources. Even under restricted circum-
stances with no fully trained pathologists at the submitting hospital, it is possible to achieve a
reasonable diagnostic accuracy. Selection of relevant images by the physicians or surgeons that
are submitting the cases and the communication with the remote specialists have been identiﬁed
the as the major limitations. However, both factors can be addressed with continuous traning
which results in improved diagnostic accuracy and reduced turn-around times. The crucial as-
pects of successful telemedicine in developing countries are not technical limitationsbut training
andcontinuousdevelopmentofthepeopleinvolved. Besidesthediagnosticsupport,telemedicine
isamostusefultoolforovercomingprofessionalisolationand forprovidingcountinuousmedical
education in remote locations.
2http://www.peopleﬁrst.net.sb/
3http://www.surgeons.org/AM/Template.cfm?Section=Paciﬁc_Islands_Project
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11.1. Introduction
With the rapid spread of information and communication technologies (ICTs) around the world
and with increasing availability of Internet in most countries, telemedicine has been promoted
as a promising tool to address deﬁciencies in delivering health care in developing countries[44,
53, 59, 167, 182], especially for accessing specialist advice and second opinion consultations in
ﬁelds like dermatology, radiology or pathology, where there is an acute shortage of specialists in
many developing countries.
Over the past 10 years, telepathology (TP) has become a well-established tool to deliver his-
tological and cytological diagnoses at a distance and to access second-opinion consultations in
many parts of the world[21, 35, 40, 41, 112, 163]. While many studies have demonstrated the
feasibility and the the accuracy of diagnoses in developed countries[115, 124, 150, 163], there
is little to no published evidence about the efﬁciency and diagnostic accuracy of telepathology
103consultations from developing countries. A major difference is that in many hospitals in devel-
oping countries that do require pathology services not have any staff trained in pathology at all,
thus telepathology services must rely on surgeons or other physicians doing the basic pathology
tasks of tissue sampling and image selection. Problematic areas for delivering diagnoses through
TP without an on-site pathologist are the sampling of the original tissue, the laboratory process,
selection of images and ﬁnally the communication between physician and remote pathologist.
As the provision of telepathology diagnosis without an on-site pathologist is a controversial
issue[117], this study aims at evaluating the diagnostic accuracy of such a service by reviewing
212 telepathologydiagnosesdeliveredto theSihanouk HospitalCentre ofHope(SHCH) in Cam-
bodia between January 2003 and January 2004. Each of the original diagnoses issued through
the iPath telepathology server (http://telemed.ipath.ch) of the University of Basel was compared
to an independent review diagnosis based on the original glass slides.
11.2. Material & Methods
The SHCH (Sihanouk Hospital Centre of Hope) is located in the Phnom Penh, the capital of
Cambodia.There are 31 beds (7 in the emergency, 11 in the medical ward and 13 in the surgical
ward). The staff consists of 25 medical doctors and 6 surgeons seeing around 200 to 250 patients
a day with follow up, and 30 to 40 new patients. Besides providing health care the hospital is
also committed to the further education of Cambodian doctors and health care professionals and
is running many teaching activities.
Although the hospital is well staffed compared to other hospitals in Cambodia there is no fully
trained pathologist. However, for clinical decisions on patients’ treatment a pathologist’s diag-
nosis and advice is often required. One of the physicians working in internal medicine (S.C.V.)
had been trained in pathology in Belgium for one year in 1997. Today his position in the hospital
is that of a lead physician and he is doing pathology via telepathology (TP) on two days a week.
Besides telepathology, SHCH is also involved in other telemedicine activities[15].
11.2.1. Laboratory
In July 2002 a histology lab was set up at the Sihanouk Hospital with the help of colleagues
from Aurich, Germany. The lab is equipped to prepare histological slides as well as cytological
samples using conventional staining (H&E, PAP, Gysema, etc).
Images are selected by the physicians at SHCH and captured with an Olympus BH-2 Microscope
equipped with a KLUG KamPro 04+ 1/2" SVHS CCD digital video camera. The camera is
connected to a PC (Intel Celeron, 40GB HDD, 256MB RAM, Window XP Professional) using a
FALCON single channel frame-grabber card 1. The hospital had a permanent wireless Internet
connection which was later upgraded to an ADSL-connection.
1IDS Imaging Development Systems GmbH, Obersulm, Germany. http://www.ids-imaging.de
10411.2.2. Telepathology
Images are transmitted to the iPath server of the University of Basel (http://telemed.ipath.ch)[18,
20] normally by plain email. These emails are imported by the iPath server into a closed user
group and the specialists are automatically alerted by email. The specialists can review the
cases on-line on the iPath-server and enter their diagnosis using the web interface of the server.
Diagnoses entered by the pathologists are automatically sent to SHCH by email.
Since its inception the TP lab at SHCH has submitted over 1300 consultations to the iPath server
at the University of Basel. These consultations have included over 16’000 images and received
over 2’900 diagnostic comments.
The pathologists are organised on a ﬁxed duty plan. Every week, one member of the specialist
group is “on duty”. Whenever a new case is received by the iPath server, the expert on duty is
automatically informed by email. This expert should then review the case within 24h. If the
presented case and the clinical question are within the ﬁeld of specialty of the expert on duty, he
or she will write a diagnosis and mark it as “ﬁnal” whereby the case is closed and the diagnosis
is automatically transmitted to Cambodia by email. If the expert on duty does not feel competent
in this particular case, he or she has the option to refer the case to the entire group of experts.
When referring a case the expert on duty immediately writes a short preliminary report with a
remark that the case is referred to the expert group. The other members of the expert group are
then automatically notiﬁed by email and will discuss the case among themselves. After two to
three days the expert on duty will summarise the comments by the fellow experts and will write
a summary report on the original case which will again be automatically sent to Cambodia by
email. This functionality of iPath is often referred to as “virtual institute”[18].
Forthisstudy212specimensubmittedfromJanuary 2003toJanuary2004were reviewed. Forall
these cases the original glass slide was reviewed by a senior pathologist in Germany (KDK), and
the diagnosis was recorded independently from the original TP diagnosis. Besides diagnosing
all glass slides the cases were graded according to the diagnostic difﬁculty (simple, medium,
complex). Additionally the sampling of tissue was also evaluated. After the review all diagnoses
were compared to the original TP diagnosis and classiﬁed as completely identical or as diagnosis
with minor, moderate or marked discrepancy.
In addition we reviewed all TP consultations and evaluated the selection of images by the non-
expert and noted communication problems that occurred for some consultations.
11.3. Results
In the period of the study 212 specimen were submitted for Telepathology (TP) consultations.
Theseconsultationsincludedspecimenfrom124femaleand88malepatientswithanageranging
from 13 to 81 years (cf. ﬁg.11.1). In total 2’703 clinical images were included with original
case submissions. In 64 cases the remote pathologist asked for additional images. In 19 cases
additional images were submitted (256 images or 8.8%). On average a case consisted of 14
105Figure 11.1.: Age distribution of the 212 patients included in the study. The bars illustrate the
effective frequency of each age group while the lines indicate estimated frequency distributions for
the total collective and for male and female patients respectively.
images. 2’914 (98.5%) histological photographs, 12 photographs of the patient and 33 x-ray
images were submitted during the study.
149 cases were diagnosed within the same day they were submitted and another 40 cases were
diagnosed the next day. In 53 cases the diagnosis required more than 2 days with a maximum of
10 days. The average response time for a TP diagnosis was 27h.
11.3.1. Diagnostic Discrepancies
For 179 specimen (84.4%) the TP diagnosis was completely identical with the review diagnosis
on the original glass slide. 18 specimen (8.5%) showed minor discrepancies (clinically identical)
and 5 specimen (2.4%) showed moderate discrepancies which were not clinically relevant. 7
cases (3.3%) exhibited a marked discrepancy (clinically relevant) between the TP diagnosis and
the review diagnosis. 3 specimen were classiﬁed as “other”.
Table 11.1 illustrates the distribution of discrepant diagnoses according to the class of diseases.
The percentage of identical diagnoses was slightly higher for cases with a benign lesion than
those with malignant lesions.
From the 212 submitted consultations a ﬁnal diagnosis was deferred on TP in 12 occasions (6%).
The reviewing pathologistrejected the material in 6 of these 12 cases as insufﬁcient for diagnosis
mainly due to tissue sampling not being representative to answer the clinical question. For the
other 6 cases, deferred only on TP, the following reasons were given: twice insufﬁcient image
quality, once insufﬁcient preparation, once a re-biopsy was recommended and twice no reason
106Table 11.1.: Distribution of diagnostic discrepancies for different classes of disease. The diagnostic
accuracy was slightly better for benign and other non-malignant lesions than for malignant lesions.
Class of disease discrepancies
identical minor moderate marked total
Malignant 68 (83%) 10 (12%) 1 (1%) 3 (4%) 82
Suspicious for malig. 1 1
Benign 24 (89%) 2 (7%) 1 (4%) 27
Inﬂammation 39 6 2 1 48
Hyperplasia 24 1 1 26
undetermined/other 23 2 25
total 179 (84.4%) 18 (8.5%) 5 (2.4%) 7 (3.3%) 209
for deferral was speciﬁed. In 7 more cases, the specialist did not give a qualiﬁed diagnosis but
rather pointed out some possible differential diagnoses.
Table 11.2 summarises all 14 consultations which either showed a marked discrepancy between
the TP diagnosis and the review or for which the value of the TP diagnosis was not sufﬁcient for
treatment. The table summarises the preliminary diagnosis by the physician at SHCH, the TP
diagnosis and the review diagnosis. The comments were provided by the reviewing pathologist.
The reviewer also speciﬁed a value of the TP diagnosis (sufﬁcient for treatment, insufﬁcient for
treatment, wrong or other) and tried to specify a reason for diagnostic discrepancy.
In two cases the TP diagnosis was wrong or misleading and in 6 cases the TP diagnosis was
insufﬁcient for treatment. The discrepancy in case 1 is graded as “marked” because the TP
diagnosis included a carcinoma as differential diagnosis which was not conﬁrmed by the review.
Case 2 is a typical example of communication failure – in the original submission only one
image was included, probably due to a transmission error of email, and the pathologist gave a
preliminary diagnosis on this one image on which an adenocarcinoma was not visible and asked
for additional images. When the full set of images was submitteda few days later, the pathologist
did not review the case, although on these images the adenocarcinoma was clearly visible. Cases
4 and 8 are other examples of failure of communication between case submitter and pathologist.
Case 14 included three x-ray images and the pathologist wanted to consult a radiologist before
giving a ﬁnal diagnosis, but failed to do so.
In addition to case 2, there were four other cases with a false negative diagnosis. In case 3, the
squamous cell carcinoma was not visible on the originally submitted images, although in the
review islands of squamous cell carcinoma were found. However, the pathologist recommended
a re-biopsy which was subsequently done and on which the carcinoma was diagnosed by TP
and thus the initial false negative diagnosis had no impact on the patient. In case 9 the TP
diagnosis was “non-speciﬁc inﬂammation” while the review revealed a erythrema nodosum. In
cases 12 and 13 the TP diagnosis was deferred by the pathologist on duty and the cases were
not forwarded to the expert group although a diagnosis would have been possible based on the
submitted images.
107Table 11.2.: This table gives an overview of the problematic cases in which either the value of
the telepathology diagnosis was judged as misleading or insufﬁcient for treatment or where the TP
diagnosis was markedly discrepant from the review diagnosis.
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In table 11.2 the reasons identiﬁed by the reviewing pathologist are listed. The most prominent
reasons are inadequate selection of images and failure of communication. “Incorrect diagnosis
either TP or Cambodia” indicates that no other explanation than a failure on the side of the
pathologist could be identiﬁed.
To analyse possible reasons for diagnostic discrepancies, the following four characteristics were
evaluated for all 212 cases: tissue sampling, quality of histology, image selection and commu-
nication. Table 11.3 summarises the results of this analysis. Tissue sampling and histological
quality of the slides do not seem to inﬂuence the diagnosticdiscrepancies. The multi-ﬁeld c2 test
did not show any signiﬁcant correlation. Communication problems and especially problems with
imageselectionshowa different pictureand occurmoreoften in cases withmarked discrepancies
between TP and review – c2 test shows signiﬁcant correlation (p<0.001).
11.4. Discussion
The results of the study show a very high accuracy of the TP diagnosis provided. The TP diag-
noses differed markedly from the review diagnoses based on the original glass slide in only 3.3%
of the 212 cases. 84.4% of all cases showed complete concordance between TP and review.
These ﬁgures are comparable to ﬁgures from other evaluations of static image telepathology
[38, 163].
Under the given circumstances, telepathology may very well serve as a diagnostic tool for hos-
pitals in developing countries that do not have a fully qualiﬁed resident pathologist.
The major problems observed are image selection and communication. Image selection is most
directly related to telemedicine as under normal condition, there is no need to pre-select images
– the pathologist can view the whole slide. Communication problems exist as well in conven-
tional pathology where the clinicians sometimes fail to indicate important clinical facts to the
pathologist. However, it is important to note that both these factors can easily be improved by
training and experience.
An important lesson learned for the future development of the iPath and for any telemedicine
software is to include better tools for organisation of communication. While issue concerning
image quality and reliabilty of transmission are hardly observerd, the software should activly
support the ﬂow of communication. A possibility would be to offer specialists an option that
they want to be automatically reminded to get back to a certain case after some deﬁned time. If
they decide that a case needs further input or clinical data or if they want to consult e.g. with
a radiologists, then the system could notify them after a few hours or days reminding them that
they wanted to further comment on this particular case. An extension of the workﬂow module on
iPath that will include such reminder funtionality is certainly high on the agenda for the future.
Besides the beneﬁt of access to timely diagnosis from an expert pathologist, the presented set-up
has yet another very important aspect. The continuous interaction with expert pathologists offers
109Table 11.3.: Reasons for discrepant diagnosis .
Tissue Sampling total identical minor moderate marked other
representative 153 132 14 3 2 2
representative for
diagnosis, not sufﬁcient
samples
40 31 4 2 2 1
not representative 5 4 1
no statement/other 14 12 2
c2 =15.98 (not signiﬁcant)
Quality of Histology total identical minor moderate marked other
very good 3 3
good 153 135 11 3 2 2
moderate 42 29 6 2 4 1
insufﬁcient 10 9 1
no statement/other 4 3 1
c2 =19.15 (not signiﬁcant)
Image Selection total identical minor moderate marked other
all relevant changes
documented
154 143 7 2 2
appropriate for diagnosis,
some ﬁndings missing
15 7 7 1
moderate in quality or
quantity but sufﬁcient for
diagnosis
14 12 2
insufﬁcient 10 5 4 1
other 19 12 2 2 3
c2 =106.79 (p<0.001)
Communication total identical minor moderate marked other
efﬁcient 175 151 13 5 4 2
deﬁciency on case
submitter’s side
16 13 (2) 3
deﬁciency on both sides 3 2 (2) 1 (1)
other 11 8 2 1
(values in brackets indicate major communication problems)
c2 =65.94 (p<0.001)
110an excellent teaching opportunity for the physicians doing the preparation of the tissue at SHCH.
ThisisimmenslyimportantinacountrylikeCambodia, whereafterthecivilwaralmostno senior
specialist was left in the country. Young doctors hardly have the opportunity of asking a “next-
door senior expert” for advice on a difﬁcult case. In contrast to workshops and seminars and
also to distance education programmes that alleviate some of these issues, telemedicine offers
the possibilityto discuss the very problems that occur at SHCH. The iPath telemedicine platform
also allows the consultants to add additional ﬁles such as reference images or scientiﬁc articles to
further illustratethe problem discussed. This could also beconsidered as problem-based learning
in its purest form.
This form of collaboration of different experts on the same problems also illustrates one of the
advantages of using a proper telemedicine platform like iPath over consultations via plain email.
Cases sent via email are sent on a personal basis and are only available to the expert to whom
they were submitted. If several experts are approached, their opinions are not collected in an
organised form and only exist in the inbox of the case submitter.
On a well-organised telemedicine platform cases can be assigned to the specialist according to
sub-specialty. Since the telepathology network of the University of Basel is hosting many sub-
specialty discussion groups such as for example a bone tumour working group or hematopathol-
ogy and dermatology forums, it is relatively easy to refer interesting cases to the a proper spe-
cialist. Furthermore the different consultants can also communicate with each other and ﬁnally,
sinceall commentsare automaticallyarchivedintoadatabase, it isat anytimepossibleto retrieve
older consultations. Over time this builds into a tremenduous archive of interesting material that
could be readily used e.g. as base material for problem-based learning.
11.4.1. Way Forward
In other regions in South East Asia similar projects have been started based on the experience
from this project. Consultations are regularely requested from Laos and Bangladesh; and a
few pilot cases have been submitted from Myanmar and Vietnam. In addition, some provincial
hospitals in Thailand signalled their interested in this form of telepathology in order to consult
with the specialists in Bangkok.
A vision for the future is an independent South East Asian telepathology network with some
distinct components: 1) diagnostic services for remote hospitals with an expert group or a virtual
institute in form of a collaboration between local specialists and volunteering international ex-
perts, 2) a component for continuous medical education for the regional specialists which could
consist of a forum for interaction between the regional pathologists with each other and with
international experts as well as some kind of organised teaching activity with scheduled (tele-
)presentations and lectures delivered by international experts.
In order to evaulate to what extent telemedicine may also serve for capacity building and skills
development for the involved Cambodian physicians, a study to evaluate the impact of this form
of telepathology on the diagnostic capabilities of the physicians at SHCH is in preparation.
111Throughout the project the physicians at SHCH have always noted their working diagnosis for
every case submitted to TP. The planned study will compare the results from the beginning of the
project as presented here with the results from later years and observe if there is an improvement
in working diagnosis by the submitting physician.
Finally, besides telepathology, the very same technology is also applicable for any other medical
specialty and could equally serve other telemedicine projects in the region.
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12.1. Introduction
The Transkei region of South Africa is an area of approximately 40’000 km2 (3.6% of South
Africa’s surface) located on the East coast between East London and Port Edward. It is home of
approximately 4 million people (almost 10% of South Africa’s population). The Transkei used
to be an “independent homeland” during the apartheid era and is now part of the Eastern Cape
Province. It is one of the poorest regions in South African with high levels of socio-economic
deprivation and a health status comparable to poorer regions in sub-Saharan Africa[99].
The region is characterised by poor road infrastructure, poor telephone communication and lim-
ited health facilities. Primary health care is provided mainly by nurses at state funded clinics,
supported by general practitioners in the public and private sectors. Specialty services such as
dermatology are only available at the Nelson Mandela Accademic Hospital which is associated
with the medical faculty of the Walter Sisulu University (WSU) in Mthatha.
113Due to high poverty levels, long distance travel is not affordable for most of the population.
Hence, nurses in rural clinics and family practitioners have to diagnose and treat practically all
dermatology problems. About 15% of all consultations in primary care have a dermatology
component[116]. Access to specialist dermatologist advice is important as family practitioners
have insufﬁcient training in dermatology and as compared to specialists, their diagnosis and
management are signiﬁcantly poorer.
In this study we analyse the possibilities to improve access for patients to dermatological care
and to improve family practitioner clinical skills using telemedicine. The study included two
pilot sites in rural Transkei. The ﬁrst site is a general practice in Port St Johns, a small provincial
town on the east coast of South Africa. In the rural Port St Johns district, the population numbers
about 75 000, the majority of which lives below the poverty line. In the last decade, the number
of doctors in the district has varied between two and six.
Thereferral hospitalat Mthathais100kmdistantbut since1998has had no dermatologist(except
for a 2 year secondment of a Cuban specialist). The nearest dermatologist was in East London,
350km away. Teledermatology in Port St. Johns was started in 1999 with email based store-
and-forward teledermatology[116], and since 2002 it is using iPath. In the ﬁrst year the server
in Basel was used but since 2003 the Telemedicine Unit of the Walter Sisulu University (WSU,
former UNITRA) is running a regional telemedicine network1 based on the iPath software[22]
which is now being used by the teledermatology project in Port St. Johns.
The second site is the community clinic in Tsilitwa which is located about 120km from Mthatha.
The clinic is serving a population of approximately 10’000 people. Tsilitwa has been a pilot
site for a wireless telemedicine project initiated by the Council for Scientiﬁc Research (CSIR)
which enabled the nurse at Tsilitwa clinic to consult with the GP at the Sulenkama Hospital over
a distance of +- 30 km[105].
12.2. Material and Methods
12.2.1. Port St. Johns
This study presents an extension of the tele-dermatology study started in Port St. Johns in 1999
which analysed 52 teleconsultation taking part from April 1999 to December 2000[116]. Since
then the number of consultations has grown to 110 consultations and includes consultation until
December 2004.
Patients who presented at the family practice in Port St. Johns with dermatological problems
were included in this study if the general practitioner (GP) could not make a diagnosis or wanted
to have his preliminary diagnosis conﬁrmed by a dermatologist. For the telemedical consulta-
tions images were captured with a digital camera (ﬁrst an Olympus C-1400XL and later an Fuji
2 mega-pixel). If necessary, images were cropped and resized to approximately 1000x700 pixels
1http://telemed.utr.ac.za
114using Adobe Photoshop or GIMP2 and saved in JPEG format. In the beginning images were
submitted by email with attached pictures. However, text and pictures and diagnostic replies
easily got separated and misﬁled. Thus patient information and images were compiled into an
html page which worked well but was a very time consuming process. Since 2002 the iPath
telemedicine platform was used for teledermatology consultations. With iPath, images and clin-
ical description can beuploaded via an easy to use web site. Alternatively, cases can also be sent
via email which are automatically imported into the same web based database (c.f. ﬁg.12.3). The
dermatologists are notiﬁed about a new case by email automatically and can review the case on
the website. Any diagnosis or comment that they enter is immediatly sent to the case submitter
via email. All data is achieved on the website so that it is available anytime for reference.
Since no web site can be entirely secured, no patient names are used for identiﬁcation. The sub-
mitting practitioner must assign a numeric code to each consultation which only he can directly
link to the real patient.
Initially, teledermatological consultations were submitted to Medical University of South Africa
(MEDUNSA) in Pretoria, to the Armed Forces Institute of Pathology (AFIP) in Washington,
USA and Lemuel Shattuck Hospital (LSH) in Boston MA, USA. In the second phase using the
iPath platform of the University of Transkei (UNITRA), cases were reviewed by dermatologists
at MthathaGeneral Hospital, Cecilia MakiwaneHospital in East London and by the dermatology
department of University of Cape Town. With the web based solution of iPath, the task of
reviewing cases could be easily shared between different dermatologists without the need of the
case submitter to send multiple consultations.
12.2.2. Tsilitwa
Tsilitwa is a community located in a deep rural area of the Eastern Cape about 120km from
Umtataand isatypicalexampleofmanyofSouthAfrica’srural areas thatexistbelowsubsistence
levels and remain impoverished because they have no access to basic infrastructure essential for
economic growth and development. As a consequence, the youth are leaving their rural homes
in pursuit of employment and opportunity in the cities. Basic infrastructure such as electrical
power, tarred roads and communications, essential pillars for economic growth, are often not
available.
Tsilitwa is a pilot site for a project of the South African Council for Industrial and Scientiﬁc
Research (CSIR) which aims to develop and implement an innovative communications infras-
tructure that is independent of the state power and telecommunication utility companies and to
develop capacity within the Community to sustain and utilize this network. The project has cre-
ated a wireless network which connects various institutions within the district. One of the pilot
applications of this communication networks is a telemedicine link which facilitates the tele-
consultation between a patient at the Tsilitwa clinic with the doctor at Sulenkama hospital using
an Voice over IP (VoIP) telephone and a video camera.
2http://www.gimp.org/
115Figure 12.1.: The community clinic in Tsilitwa. Images captured with the video camera can be
transmitted live over the wireless IP network (WiFi) to the Sulenkama Hospital, approximately 30km
away.
While this form of consultations are suitable for many types of medical quesions it cannot help
with questions that require a medical specialist such as e.g. a dermatologist. Live consulta-
tion with dermatologists are not an option for two main reasons: 1) it is not possible to time
patient and dermatologists at the same time and 2) the network does not have bandwidth to to
video link outside of the WLAN. However, the clinic in Tsilitwa had all equipment necessary
for store-and-forward tele-dermatology: a battery powered HP PhotoSmart camera with a ﬁxed
lense and a resolution of 2 MegaPixels resolution, a PC and an email connection to the outside
network. Unfortunately, the email connectivity was discontinued at the beginning of the teleder-
matologystudy and thus only very few cases could be included in this study – these consultations
were transported on memory stick form Tsilitwa to Mthatha and there uploaded to the UNITRA
telemedicine platform.
12.2.3. The UNITRA Telemedicine Network
In the initial phase of the teledermatology project in Port St. Johns the consultations were sub-
mitted by plain email directly to the consultant. This works ﬁne in a small group of people
116but it seemed not very feasible for extending the possibilities for teledermatology consultations
to other primary care clinics within the Eastern Cape province. In 2002 the project tested the
iPath server at the University of Basel and found this solution highly suitable as platform for
teledermatology in low resource settings.
In order to prepare for a deployment of teledermatology at a provincial level it was decided to
create a regional telemedicine network based on the iPath software. The regional network should
ensure that all medical data will stay in South Africa and that the technical skills for maintaining
and supporting the application will be available within the region.
A ﬁrst server was established at the UNITRA telemedicine unit in June 2003. It was based ﬁrst
on an oldDellOptiplexPChardware (PentiumII, 64MBmemory)and was latermigratedtoa HP
proliant server (P-IV, 256MB, 80GB HD). The server is running on Debian Linux and provides
the following services:
• Content Management System (CMS) for the telemedicine unit website announcing news,
conferences etc.
• E-mail server providing local email accounts for all participants.
• Telemedicine service based on the iPath software.
The email server was installed because it was found that most users were using a US based
webmail service. For submitting telemedical consultations with attached images this was often
very slow and it is a waste of limited international bandwidth[53].
12.3. Results
Since 1999, 110 patients from Port St. Johns have been diagnosed using teledermatology. 76
patients where female and 34 male with an average age of 32 years, ranging from 2 weeks to 73
years. 27 consultationweresubmittedtoMEDUNSA, 10to AFIP, 35 toLSH and 38to UNITRA.
Teledermatological assessment was possible in 105 cases. No deﬁnitive diagnosis was given in
ﬁve cases. The diagnoses are summarised in table 12.1. For the whole The turnaround time
for tele-diagnosis ranged from 1 day to 246 days (median = 11 days). The turnaround times
improved considerable during the project and for the last 38 cases submitted via the UNITRA
telemedicine platform all consultations were answered within one month (median = 8 days).
Figure 12.2 gives an overview of the results of the consultations. In 105 cases a diagnostic reply
was possible. In 46 cases the dermatologists conﬁrmed the provisional diagnosis of the GP. In
57 cases the telemedical diagnosis helped the GP to improve the treatment of the patient. The
GP perceived these consultation as useful assistance in 104 cases. 72 of the patients returned to
a follow up consultation to receive the results of the tele-consultations. For 36 patients a biopsy
was taken and sent for histological diagnosis. In one case the histological diagnosis was not in
117Table 12.1.: Diagnoses made by teledermatology.
Tinea 10 Fibroepithelioma 1
Lichen planus 7 Fixed drug eruption 1
Erythema multiforme 4 Granuloma inguinale 1
Seborrhoeic dermatitis 4 Granulomatous lesion 1
Contact dermatitis 3 Haemangioma 1
Nummular eczema 3 Hairy leukoplakia 1
Pityriasis rosea 3 Herpes simplex 1
Psoriasis 3 Hyperkeratotic eczema 1
SLE 3 Infection 1
AIDS associated papulo-pruritic eruption 2 Keratoacanthoma 1
Atopic dermatitis 2 Keratosis pilaris 1
DLE 2 Lichenoid dermatitis 1
Granuloma annulare 2 Melanoma 1
Morphea 2 Metastatic cancer 1
Non-speciﬁc 2 Molloscum contagiosum 1
Ochronosis 2 None 1
Photosensitive dermatitis 2 Normal pigmentation 1
Scleroderma 2 Papular eczema 1
Seborrhoeic eczema 2 Pemphigoid 1
Acne 1 Pemphigus 1
Actinic chelitis 1 Peri-oral dermatitis 1
Actinomycosis 1 Pitted keratolysis 1
Alopecia areata 1 Pityriasiform eczema 1
Bacterial infection 1 Pityriasis rubra pilaris 1
Bullous lichen planus 1 POD 1
Candida infection 1 Pomade acne 1
Dermatitis herpetiformis 1 Pompholyx 1
Drug reaction 1 Possible syphilis 1
Dyshidrotic eczema 1 Pustular psoriasis 1
Eczema 1 Pyogenic granuloma 1
Epidermolysis bullosa 1 Subcorneal pustular dermatosis 1
Erythema annulare centrifugum 1 Warts 1
n=105
118Figure 12.2.: Results of teledermatology consultations in Port St. Johns.
accordance with the ﬁnal diagnosis of the dermatologist. The preliminary diagnosis by the GP
in this particular case was a Seborrhoeic eczema which was changed by the dermatologists to
Pityriasis rosea. The histological ﬁndings of the biopsy were that of lichen planus.
From the clinic in Tsilitwa only 4 consultation could be performed. Three of the were diagnosed
within 4 days. In one case a diagnosis was not possible due to missing clinical information.
These cases give an impressive example of the potential of telemedicine for rural clinics. The
history of the case presented in ﬁgure 12.3 is that the patient, a lady born in Tsilitwa and now
working as an attendant at a petrol station in Johannesburg, started to develop itchy patches on
the skin, especially in the face, which left ugly dark scares. She had consulted two doctors in
Johannesburg and was given medication but without relief. Finally she lost her job due to her
disease and came back her home village. When she started to develop symptoms of depression
the nurse at the clinic in Tsilitwa decided to consult a dermatologist. She took the photographs
which were then submitted to the telemedicine server at WSU. Two days later the dermatologist
in East London reviewed the case and diagnosed it as Lupus Erythematosus. She suggested
treatment with steroids and most importantly application of sun screen (zinc cream) as the skin
deformation is caused by sunlight. A few weeks after this consultation the patient had returned
to work.
12.4. Discussion
In general, the technology was working very well. The capturing of images with a digital camera
was no problem for the family practitioner in Port St. Johns nor for the nurse in Tsilitwa. All
119Figure 12.3.: Sample case submission of a dermatology consultation from the clinic in Tsilitwa.
Description is given in the text.
120images were accepted by the dermatologists as adequate for consultation. The transmission of
images form Port St. Johns was no problem. Images were lost on one occasion were a con-
sultation was submitted to the UNITRA web server after it had been moved from one hardware
to another. From Tsilitwa electronic transmission was unfortunatly not possible after the GSM
modem connection between their wireless LAN and the Internet was discontinued.
Though the project with Tsilitwa has not yet been very successful, it served very well as a role
model for the potential of teledermatology in rural primary health clinics. If a minimal commu-
nication infrastructure consisting of a telephone connection and a personal computer is present
a simple digital photo camera is all that is necessary to start teledermatology. The only weak-
ness identiﬁed in the case study in Tsilitwa was that the nurse was not used in writing down the
clinical history about the patient. In 3 out of 4 consultations the clinical history was judged as
insufﬁcient. The Department of Health of the Eastern Cape province is planning to equip ten
rural clinics with a camera and to organise a workshop for the nurses where they will be taught a
dermatologists how to take pictures of a patient and how to write a short clinical history relevant
for a teledermatology consultation3.
At the beginning of the project the turn around time for receiving dermatology consultations
was often very long. In the initial year of the study 35% of the cases needed more than one
month[116]. The reasons for this were manifold. The South African academic centres have a
chronical shortness of medical specialists and especially in the initial phase the consultants were
not yet accustomed to electronic communication. At some accademic centres access to internet
and email is very restricted and some of the consultants reviewed the cases at home over the
weekend.
However, the delays could be considerably reduced during the project and since the introduction
of the iPath platform, it has become possible to share the diagnostic load between different
consultants. On the web based platform the dermatologists can see if a case has already been
reviewed by another dermatologist. In fact, the turn around time for the 23 cases that were
submitted after the end of this study, the average turn around time has reduced again and is not
less then 3 days.
The consultations played an important role in improving the treatment of the patients. In over
50% of the cases the diagnosis of the dermatologist changed the original treatment plan. The
study was not directly looking into economical beneﬁts of the consultations, it should however
be noted that most of the patients that visit the family practise in Port St. Johns can hardly afford
the 350km travel to the nearest dermatologist at Cecilia Makiwane Hospital in East London.
Studies in the UK have demonstrated that teledermatology consultations are cost effective if the
distance between the primary health centre and the specialist is more than 78km[170].
A major outcome however is not only the correct diagnosis and treatment for the patient but the
fact that the GP strongly felt that teledermatology improved his skills in diagnosing and treating
dermatology problems appropriately. The frequency of consultations has decreased towards the
end of the project because one of his main objectives of learning was achieved. Even though
3this project was presented at the eHealth Indaba 2006 in East London.
121in 42% of all consultations the diagnosis of the specialists was identical with the provisional
diagnosis of the GP, he regarded it is a good learning experience to havehis diagnoses conﬁrmed.
In the long term the number of cases will drop off – most patient visiting the family practise
in Port St. Johns will receive a correct diagnosis and appropriate treatment directly from the
family practitioners whose dermatological skill have considerably improved due to the regular
tele-dermatology consultations.
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Objectives: The Ukraine Swiss Perinatal Health Project aims to contribute to health system
development by improving access to information and fostering professional networks for
Ukrainian health professionals.
Methods: An internet based telemedicine platform was chosen enabling distant collaboration.
Users were equipped with necessary infrastructure, basic PC, digital camera and internet access.
Results: 80 users from Ukraine and abroad registered to the network. 124 cases were presented
in the network, 81 with a distinct clinical question, among them 68 received comments.
Interaction took place between Ukrainian (case presentations) and international (providing
comments) health professionals.
Discussion: It is shown, that ICT in health foster communication among professionals and
contribute to continuous education over distance.
Keywords: Information & Communication Technology (ICT), Telemedicine, distant collabora-
tion, knowledge sharing, health system development
12313.1. Introduction
Access to up-to-date information is one pre-requisite to make informed decisions in all aspects
of life. Information and communication technologies offer great potential to improve health
services and systems.[174] Healthcare is about knowledge management, the right knowledge
available at the right time in the right place directly inﬂuences the right outcomes. In transi-
tional countries access to information is still compromised for various reasons. The direct per-
sonal exchange of knowledge and expertise among colleagues on a larger scale is hampered by
long distances and slow public transport systems. Paper based media like medical literature and
scientiﬁc papers are scarce due to limited ﬁnancial resources and lacking distribution systems.
Libraries provide a restricted choice of medical books not representing the full range of current
and international recognised knowledge. Latest developments in medical science discussed in
international journals, inﬂuencing clinical practice and leading to the modiﬁcation of the clinical
practice guidelines do not reach the attention of the medical community, especially not to those
health professionals working outside the urban centres.
The United Nations World Summit on the Information Society (WSIS) 2003 in Geneva em-
phasised that access to Information and Communication Technology (ICT) is one of the main
elements for the development of societies. For most of the industrialised countries the use of
Information and Communication Technology (ICT) has emerged as a key to drive efﬁciency and
effectiveness of their health systems.
The objective of the Ukraine Swiss Perinatal Health Project is to contribute to the health sys-
tem development and to improve offer, quality and access to preventive and curative perinatal
public health services in selected Ukrainian regions. The ICT component of the project aims to
contribute to the overall objective by improving access to information for health professionals
in Ukraine, fostering professional networks and establishing a Telemedicine platform through
which information can be exchanged. It was expected that participants share their experience
fromdailyclinicalpracticeand provideexpertiseto answermedicalquestionsoftheircolleagues,
however there were no rules deﬁned on how the network shall be used. Therefore participants
applied the network very individually. This reﬂects also in the results section, where the activ-
ities are analysed from a general perspective and from the perspective of one district hospital.
The involved health professionals are Obstetricians, Gynaecologists and Neonatologists from
Ukraine and international colleagues. The technical infrastructure applied consists of personal
computers, internet access, and a server application called iPath[16, 20]. iPath has been chosen
because of its intuitive user interface, its moderate computer and communication infrastructure
requirements and because it is developed in open source. Open source software is interesting for
applications in low resource environments, where the costs for software and licences compro-
mise the scarce health budget. Additionally, the open source model allows technology transfer
and active participation by the Ukrainian partners also on the technical level. The technical in-
frastructure enables the participants to collaborate in a closed user group and to communicate,
using a common platform and disposing of a structured format with functions to exchange data
and information.
12413.2. Materials and Methods
The project started in April 2003 with two partner hospitals recruited from the Ukraine Swiss
Perinatal Health Project (USPHP). The Institute for Paediatrics, Obstetrics and Gynaecology in
Kiev and the Regional Children Hospital of Ivano-Frankivsk appointed each a doctor to coordi-
nate the activities within the hospital. The coordinators received training for the application of
iPath and the digital camera. They have been taught how to enter medical cases into the database
and add digital ﬁles, how to open existing medical cases and how to provide comments. Inter-
ested doctors from these hospitals can refer to the coordinators to get information and trained
in order to participate in the network. The department of Obstetrics and Gynaecology of the
University Hospital of Zurich is the international counterpart within the network.
To facilitate tele-consultations as well as sharing and discussion of clinical information, the
project selected the iPath telemedicine platform for implementing the Ukraine-Swiss perinatal
telemedicine network. iPath is a web-based, open source telemedicine platform developed at the
University of Basel since 2001[16, 18, 20, 22]. The iPath platform combines communication
with content management features and its main function is the “medical discussion group” in
which a deﬁned group of users can present and discuss clinical cases.
iPath provides the user with a structured format to present the cases (cf. ﬁg.13.1). The ﬁrst sec-
tion contains the main information about the presented case e.g. patient information, anamneses
and diagnosis in plain text. The sender explains the reason for presenting the case and formulates
question he/she wants to discuss. To the gallery the users can add images and any other docu-
ments. The annotation section lists the comments provided by the users. Comments are entered
directly from the web or can be sent by email. Comments via email are automatically integrated
into the case.
Instead of operating its own server, the project started with utilizing the existing iPath server at
University of Basel, operated by the Department of Pathology of the University of Basel1. This
server is used worldwide by over 1000 users and is also hosting many telemedicine applications
with developingcountries[22]. Since April 2003 the network was growing continuously and new
participants added to the network like the six partner hospitals from the Perinatal Health Project
and individual doctors working in other hospitals. Up today 80 individual doctors (61 Ukrainian
and 19 international) registered to iPath and are members of the network.
The USPHP is operating its own discussion group on iPath. User ﬁrst register a user account on
the iPath server and can then apply to become member of the Ukraine Swiss Perinatal Health
Group. iPath is accessible from any personal computer with internet connection. The most
important functions are also accessible through an email interface, which is particularly useful
for participants with slow connectivity and for receiving automatic notiﬁcations about new cases
and comments.
The technical pre-conditions in the partner hospitals were varying from no infrastructure avail-
able to fully equipped and operational computer work places. The Perinatal Health Project pro-
1http://telemed.ipath.ch/
125Figure 13.1.: This ﬁgure represents a typical case presentation on iPath. The header gives infor-
mation about the type of case, submission date and the submitting user. This is followed by a textual
description of the case which should include relevant clinical information and which should clearly
formulate a question that should be discussed. Additionally the case can be illustrated with digital
images or other documents. Cased details can only be modiﬁed by the owner of the case; however,
other group members can add comments at the bottom of the case.
126vided the needed infrastructure where necessary to the partner hospitals. Participants outside the
partner hospitals use their professional or private technical infrastructure. The required equip-
ment for a working place consists of a desktop computer (minimum Pentium III/1 GHz or better,
256MB, 60GB HDD), monitor (17” CRT with XGA resolution - 1024x768 pixels), ﬂat bed
scanner (1200dpi) and a digital camera. The cameras should have a resolution of 2 mega pixels
or better, a 3x optical zoom lens with macro mode and the option to switch of the ﬂash. For the
project, Pentax Optio 33L cameras were chosen.
The computer work places are connected to the internet through digital modem connections of
minimum 64kB/s, either ISDN or DSL. The analogue dial-up modem connections available
in some partner hospitals were not sufﬁcient in terms of speed, availability and reliability due
to the bad physical quality of the telephone lines. Occasionally no separate physical line was
available or it was connected through the hospital’s telephone switch board disabling an internet
connection. For those cases a separate physical line was installed between the hospital and the
nearest point of presence of an internet service provider. Internet connectivity was established
through various local internet service providers.
13.3. Results
Theclinicalcases entered intoipathbetween September2003andJanuary 2006, wereconsidered
in the study. The study analysed the way Information and Communication Technologies (ICTs)
did enable the development of the projected professional network and how the technology was
adopted by the user.
The following user and usage aspects have been analysed:
• Number of user and frequency of participation
• Characteristics of network participation
• Number and characteristics of cases presented in the network
• Level and Quality of Interaction within the network
13.3.1. User statistics
From the total number of 80 registrations 61 (76%) originate from Ukrainian and 19 (24%) from
international health professionals. Health professionals summarises Obstetricians, Gynaecolo-
gists, Neonatologist and Paediatricians. 14 (17.5%) persons just completed registration but did
never access the system - they are not considered to be users. 21 (32%) of the registered users
logged into the network more than 25 times, whereas 45 (68%) registered users logged into the
network less than 25 times. 11 users logged in more than 100 times.
127Obstetrics Gynaecology Neonatology Paediatrics Total
Presentations 22 (11) 7 (0) 8 (5) 6 (2) 43 (18)
Consultations 43 (38) 5 (4) 27 (23) 6 (3) 81 (68)
Total 65 12 35 12 124
Table 13.1.: This table describes the distribution of cases. The numbers in brackets indicate the
number of cases that received at least one comment. Out of the 124 case, 43 were case presentation
and 81 were consultations. From the 43 case presentations only 18 received any comments (42%).
From the 81 consultations 68 received at least one comment (84%).
26 (39%) registered users logged into the network at least once during the time period of the last
three months (11/05 to 01/06). 40 (61%) of the registered users have not logged in for more than
3 months.
There are active and non-active (only reading) users. 22 (33%) registered users opened at least
one case for discussion and 29 (44%) registered users did provide one or more comments to
presented cases. 18 (27%) users are providing both, cases and comments to the network. 34
(52%) users did never post a case or write any comment, 10 of these reading only users logged
in more than 10 times into the system.
13.3.2. Case statistics
During the observation period 124 cases were opened. All the cases have been opened by
Ukrainian users; international users did not open cases. The cases can be distinguished between
pure clinical case presentations (n=43) and consultations, i.e. case presentations with distinct
clinical questions (n=81). As table 13.1 illustrates, cases represented the ﬁelds of Obstetrics
(52%), Gynaecology (10%), Neonatology (28%) and Paediatrics (10%).
36 (29%) of the cases contained text only and 88 (71%) contained images e.g. morphologic
images of a body parts were contained in 42 cases, radiological images in 23 and ultrasound
images in 48 cases. For the cases that were presented with images the number of images ranged
from 1 to 25 with an average of 4.7 images per case.
13.3.3. Comment statistics
38 (31%) of the total of 124 cases did not receive any comment. 86 of the cases received one
or more comments. From the 81 cases presented as consultations 13 (16%) did not receive
any comment. From the total of 165 comments provided in the network 50 (30%) have been
provided within three calendar days. 21 Ukrainian users have provided together 86 comments
with an average of 4.1 comments per user; 7 international user together stand for 79 comments,
on average 11.3 comments per user. Requests for clariﬁcations or ﬁnal outcome of the presented
cases were issued 32 times, but only 13 times a reply was given.
128users with most cases/session
Rank Sessions Cases
Cases/
Session Origin
1. 8 2 0.25 Ukraine
2. 10 2 0.2 Ukraine
3. 5 1 0.2 Ukraine
4. 75 14 0.19 Ukraine
5. 6 1 0.17 Ukraine
users with most comments/session
Rank Sessions Comments
Comments/
Session Origin
1. 20
11
0.55 Int.
2. 10 5 0.5 Ukraine
3. 96 35 0.36 Int.
4. 17 5 0.29 Int.
5. 69 15 0.22 Int.
Table 13.2.: This table illustrates the characteristics of user activity by estimating the ratio of
cases and comments per session. The table shows the top 5 user who posted most cases/session and
who posted most comments/session. Interestingly, the activity is very asymmetric. While the most
active users posting cases are all clinicians from regional hospitals in Ukraine, the user most actively
posting comments are mainly international participants. Interestingly, none of the very active users
(100+ logins) is in either top 5 list.
To characterise the different usage of the system we set the activity (number of cases and number
of comments) in relation with the number of sessions (logins). A high ratio of cases per session
indicates that a user is mainly interested in using the telemedicine platform for presenting or
consulting own cases. A high ratio of comments per session illustrates that the user’s main
interest is answering clinical questions. Table 13.2 illustrates that these two groups are clearly
different. The users with the highest case/session ratio are all clinicians from regional hospitals.
On the other hand, among the 5 users with the highest comments/session ratio 4 are international
participants. Further it is interesting to know that none of the most active users with more than
100 logins are among either of these two groups.
13.4. Clinical Application
The Volyn Regional Children’s Territorial Medical Centre used the platform mainly for distant
medical consultation of their patients. The description of the patient history, the documentation
of the clinical problem in writing and with images and the formulation of the clinical questions
has been prepared in iPath. The team using iPath includes physicians of different specialities
129e.g. Neonatologists, Paediatricians, Surgeons, Obstetricians and Gynaecologists. Neonatologists
used iPath more frequently.
There have been 16 cases uploaded since September 2003 (ﬁg.13.4A/B). The objective of the
clinical integration of iPath was to obtain additional information from colleagues outside of the
own working environment in order to make informed decisions. ECG data, X-Ray images, ultra-
sound and computer tomography images as well as laboratory examinations were uploaded and
discussed using iPath.
Diagnosis speciﬁcation and therapeutic management selection were needed for the patients with
skin disease, genetic disease (facomatosis, achondroplasia). Patients with intrauterine infection,
sepsis, hyperplasia of endometrium, bronchopulmonary displasia and central nervous system
lesion needed the speciﬁcation of therapeutic management. Additionally, a rare case of a child
with birth defect of the brain (holoprosencephaly)was described. The information concerning an
130oppropriate choice of a Referral Centre was needed for a patient with mandibulofacial disostosis
(Franchescetti syndrome). The nosological structure of the uploaded cases was diverse as it can
be seen in ﬁgure 13.4C.
The leading place is taken by congenital pathology as more hard and signiﬁcant pathology for
correction and treatment. After receiving comments a clinical meeting was organised, where
all recommendations and suggestions were discussed among specialists and they decided the
possibility to use them in this situation.
Most of the consultations were done instantly. This gave the possibility to make appropriate
decisions e.g. to change antibacterial therapy, to correct artiﬁcial lung ventilation parameters, to
provide differential diagnosis and additional examination of patients.
The time delay until the expected information is received is one important factor for the useful-
ness of this information. For 5 (34%) cases the information arrived within 24 hours, for 4 (24%)
cases it arrived within 48 hours. For 3 (18%) cases no answer was provided within the network
(ﬁg.13.4D).Partial or complete satisfaction was given in the cases when recommendations could
be applied in the clinical process. The counselling is considered to be negative in case of no re-
ply because each request for information had a professional interest and a clinical relevance. The
most efﬁcient consultations resulted for the following cases: provision of artiﬁcial lung ventila-
tion, antibacterial therapy, assessment of immunological results (ﬁg.13.4E). Satisfaction of the
consultation for patient can be hardly estimated as it depends on the ﬁnal result of the treatment
and this is not always objectively measurable.
13.5. Discussion
When the Ukrainian Swiss Perinatal Health Project introduced a telemedicine component in
April 2003 the main goal of this initiative was to foster communication between Ukrainian spe-
cialists and the involvedmedical partners in Switzerland and Western Europe. The initial interest
was high and 80 users had registered. However, only 45 users logged in regularly and only 26
users logged in during the last 3 months. On ﬁrst sight this might seem as a very low rate of par-
ticipation it actually corresponds very well with the general picture of such a telemedicine plat-
form. Looking at the iPath telemedicine server of the University of Basel on which the project’s
application is hosted reveals a similar picture. Out of over 2100 registrations, only about 1000
users are actively using the server. For the Ukrainian partners in this project, especially those
working in regional hospitals, the telemedicine tool provided an opportunity to overcome profes-
sional isolation and to share clinical experiences and consult difﬁcult cases with specialists from
different countries (Switzerland, Hungary, France, USA and Ukraine). While the initial goal of
the telemedicine component was focused on the sharing and mutual presentation of interesting
medical cases, it has become obvious that there is also a very strong demand for consultation.
Out of the 124 cases submitted to the telemedicine platform, only 43 were case presentations. 81
cases were submitted as clinical consultations.
131As table 13.2 illustrates, there was a distinguished difference in the participation pattern between
the international and the Ukrainian participants in the network. Typically, the Ukrainian partners
submitted consultations while the international partners are providing comments. Considering
the fact that one single doctor submitted 50% of the comments from Ukrainian users, the input
provided by Ukrainian experts was relatively low.
From the technical side, establishing communication links was not so much a problem. The ini-
tial technical problems with connectivity through modem connections could be relatively easily
resolved by upgrading the telephone lines form the main hospital telephone system to a new
telephone line installed by the internet service providers. However, technical connectivity alone
is not sufﬁcient for successful telemedicine consultations. 31% of the presented cases did not
receive any answer and only 30% of the comments were submitted within 3 days from the pre-
sentation of the case. Out of the 32 cases in which further clinical details were requested, these
were provided only for 13 cases. However, this seemingly low activity also reﬂects the fact that
the application was from the beginning designed as a tool for information sharing rather than
direct clinical consultations.
Additionally, some of the international consultants had been unwilling or unable to comment
directly inside the platform. They accepted consultations by personal e-mail, but then only the
one person sending the email would be able to read their comments and the large part of the
group who was interested in this forum as a source of constant professional training would be
deprived of this input. As a way out, some users started to post comments, which they received
by personal email, into the platform to share these comments with their colleagues.
Some participants perceived the use of English for case discussions as a barrier for wider ac-
ceptance of the telemedicine platform among Ukrainian health professionals. As a consequence,
some of the users from the Donetsk region founded an additional regional forum using Ukrainian
language. In this group 25 cases have been presented and discussed in Ukrainian. Additionally,
they also translated the user interface of iPath into Ukrainian language.
Based on the experiences summarised in this paper, the USPHP has come to the conclusion that
the telemedicine component should be continued, but that a new way of organising the workﬂow
is necessary. In order to ﬁnd an appropriate form of organisation and to plan the expansion of the
telemedicine component a “telemedicine working group” has been formed in Ukraine and this
group is now taking the leading role in deﬁning the future of the telemedicine component within
the USPHP. The working group is currently planning the following steps:
1. To set up its own telemedicine server in Ukraine2, using the open source iPath software.
This server will then be available for all medical disciplines such as dermatology, pathol-
ogy or radiology[22].
2. Organisation of a consultation service for clinical problems in the perinatal medicine. This
service shall be organised in the form of a Virtual Institute such as the iPath project is
already using e.g. in the telepathology projects[18].
2The server in Ukraine is now installed and data will be transferred in June 2006.
1323. To enhance the quality of the case descriptions and the communication the working group
is preparing several consultation forms. These forms will allow the users to submit the
description of their problem in a more structured and complete way. This should also
have a positive impact on the number of consultants’ responses. As the medical problems
presented within this network are very diverse, a single case description form will not
sufﬁce.
The Ukraine partners are also interested in expanding the network to the district level and to
organise interregional consultation groups. The integration of this consultancy services into the
daily clinical process will require an organisationalstructure to ensure timelyand relevant replies
to clinical consultations. For such a structure, the involvement of additional local experts who
are willing to provide their expertise is required. Additionally the group’s activity has to be
moderated froma healthprofessionalensuring thatpresented cases areaccording to thestandards
set by the telemedicine working group and to ensure that cases are forwarded to the consultants.
Finally, a second goal of the telemedicine working group is to build up an organisation that will
be able to continue independently the telemedicine server in Ukraine after termination of the
USPHP project itself.
13.6. Conclusion
It has been shown that ICT is a valuable instrument to enable access to information and to foster
the exchange of experience among national and international health professionals. It is con-
tributing to the continuous professional education and may even increase the capacity of a health
system. On the other hand it became obvious that technology alone, without the appropriate
structures behind which organise the network, the beneﬁts are not fully realised. The positive
experiences made so far encourage the project to further develop the network.
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Consolidation of Results and
Discussion
135The iPath telemedice platform developed during this project has matured to a useful tool for the
organisation of telemedical collaborations, not only in highly developed nations but particularly
in areas with limited resources. Although the technical development of the iPath telemedicine
platform and its continuous adaptation to new needs as well as support and instruction of its
users presented the most time-consuming part of my PhD project, I would like to concentrate
the discussion on the results of its applications. A ﬁrst chapter will discuss the outcome and
experiences gathered in the results presented above and will place the results in a health sys-
tem context. So far the application of telemedicine in developing countries has been restricted
mainly to individual small scale projects addressing the accurate need of an isolated institution
of health providers. Chapter 15 will discuss if and how telemedicine can be used to strengthen
health systems in resource-constrained areas in order to allow the population at large to beneﬁt.
Chapter 15.4 will look at issues involved with the large scale implementationof telemedicineat a
health system level and ﬁnally, before coming to the conclusionary remarks, chapter 16 will give
an outlook on on-going projects that have resulted from the activities presented in this thesis.
This whole thesis is focused to some extent on telepathology, the application of telemedicine in
the ﬁeld pathology. This is mainly due to the fact that most of the work was carried out at the De-
partment ofPathologyat the UniversityofBasel and thus pathologyis themain medicalﬁeld into
which I did get some detailed insight. However, many of the ﬁndings and principles are portable
to other ﬁelds of medicine. Although telepathology in developing countries is sometimes criti-
cised as superﬂuous because the impact of a pathology diagnosis is often restricted by the limited
availability of therapeutic methods in poor countries, especially for treating malignant tumours,
it should be taken into account that the remaining therapeutic options are often associated with
drastic consequences[132] and that the decision is entirely up to the surgeon or the attending
physician. Besides, pathology is important for the understanding the physiological mechanism
of diseases and thus for the understanding the effects of available medications. Pathology pro-
vides fundamental inputs on clinical decision making, continuous education of physicians and
ﬁnally it often provides the ultimate quality control for clinical diagnosis by other means.
13713814. Telemedicine in
Resource-Constrained Areas
Based on the iPath telemedicine software, an openly accessible Internet server was installed at
the University of Basel. Over time this server was used by an increasing number of groups
for many different types of telemedical applications of which the most important have been
described in chapter 7. We could observe different possible applications of iPath and gained
valuable insight into certain mechanisms and problems in the application of telemedicine under
different conditions.
14.1. Telepathology
In two projects – one in Solomon Islands and one in Cambodia (chapter 9-11) – we analysed
the diagnostic accuracy and validity of this type of store-and-forward telemedicine in the ﬁeld of
clinical pathology. While both studies showed that with relatively simple means an acceptable
level of diagnostic accuracy can be achieved there are also some remarkable differences. The
telepathology diagnosis on submissions from Solomon Islands show a signiﬁcantly higher per-
centage of discrepant diagnosis (p<0.001, c2 = 26.3) than those from Cambodia. As table 14.1
illustrates, the difference was especially pronounced for diagnoses with moderated and marked
discrepancies.
While the two laboratories cannot be compared in terms of technical possibilities – the Sihanouk
Hospital (SHCH) in Cambodia has substantially better laboratory facilities than the very sim-
ple lab at the National Referral Hospital (NRH) on Solomon Islands – it is not very probable
that the differences in diagnostic outcome can be explained be the different laboratory set-ups.
Table 14.1.: Diagnostic accuracy of telepathology
identical minor moderate marked
NRH 69.3% 12.3% 8% 10.3%
SHCH 84.4% 8.5% 2.4% 3.3%
139Table 14.2.: The inﬂuence of different factors on diagnostic accuracy. The non-relevant presents
the sum of identical, minor and moderate discrepancy. Clinically relevant are only the marked dis-
crepancies. The ﬁgures give the percentage of specimen with insufﬁcient tissue sampling, slide
quality, etc. (c.f. text)
Discrepancy Tissue
Sampling
Slide
Quality
Image
Selection
Communication
NRH non-
relevant
3% 3% 8% 11%
relevant 19% 7% 52% 41%
total 4.6% 3.5% 12.6% 14.6%
SHCH non-
relevant
2% 5% 2.5% 8%
relevant 14% 0% 57% 29%
total 2.5% 5% 4.5% 9%
Table 14.2 shows that the histological quality of the slides from the Solomons (3.5% with insuf-
ﬁcient quality) was in general even better than those of the slides from the more sophisticated lab
in Cambodia (5% insufﬁcient). The most pronounced difference is encountered for the quality of
image selection – in 12.6% of all submissions from the Solomons the selection was not represen-
tative while from Cambodia these were only 4.5%. This fact is very important as the selection of
images has been found to have by far the strongest correlation with diagnostic accuracy in both
studies (c.f. tab.10.4 and tab.11.3). Table 14.2 illustrates that non-relevant image selection was
associated with over 50% of the clinically relevant (marked) discrepancies as compared to 8%
resp. 2.5% for the total collective. This difference can only be explained by the referring physi-
cian’s background and his ability to select relevant images for different pathological conditions.
14.1.1. The Role of the Referring Physician’s Clinical Background
The referring physicians at NRH are all surgeons (general and orthopaedic) who do not have any
special training in histopathologybeyond a general histology course that is part of the curriculum
for all medical doctors. It was clear from the beginning of the project that training and guidance
on how to select relevant images had to be provided by the remote pathologists in some form.
However, it was quite unclear to what extent this would be possible using remote collaboration
only. Figure 10.4 illustratesthat there was a remarkable increase in the quality of image selection
over time. The percentage of submission with relevant image selection increased from 35% in
the ﬁrst semester to 69% in the last semester observed. Notably, one of the ﬁrst changes of the
iPath systemafter the ﬁrst images from Honiara had arrived was to introducea coordinatesystem
that allowed the remote pathologists to refer to a certain area on low magniﬁcation images from
which they would like to have more images at higher magniﬁcations.
140In contrast to the situation at the NRH, the submitting physician at the SHCH is a specialist for
internal medicine, who had undergone a one-year training in pathology in Europe prior to start-
ing with the telepathology activities. The percentage of case submissions with relevant image
selection was 76%. An increase of the quality of image selection over time could not be ob-
served. However, it must be noted that the SHCH study included a shorter time period than the
NRH study. A further study including more recent case submissions from SHCH is under prepa-
ration and might reveal insight on the development of the quality of TP services over time (c.f.
section 16.1). The different clinical backgrounds of the physicians was prbably also responsible
for the sampling of tissue for histological examination (grossing). In the SHCH study, tissue
sampling was graded inadequate in 2.5% of all submission. For the NRH study these were 4.6%.
Furthermore, the clinical background of the submitting physician determines the expectation
about the content of the report by the pathologists. The surgeons from NRH soon complained
when the pathologist started discussing an interesting case and asked for one concise answer
rather than an academic dispute. The physician at SHCH generally did not object discussions
as they provided interesting learning material. The other extreme could be observed in the
“histopathology forum” (c.f. page 58), where cases are submitted by pathologist who often
even positively acknowledged an extended discussion about possible differential diagnosis and
further diagnostic possibilities.
14.1.2. Extending Existing Collaboration via Telemedicine
In both projects in Solomon Islands and Cambodia telemedicine has played a major role in im-
provingcollaborationwithinexistingpartnerships. In contrasttositevisitsandorganisedtraining
courses, telemedicine is neither restricted by time nor by geographical location of the partners.
This includes follow-ups after training courses, support of visiting specialists and students on
exchange programs as well as clinical tele-consultations and distance education.
The virtual community model as implemented by the iPath platform has been found particularly
useful in this respect. In contrast to email which is very useful for collaboration on a personal
basis, the virtual communities on iPath facilitates collaboration in a larger group and multi-
group collaboration. In these examples, the hospital in Cambodia had a collaboration with a
pathologist from Aurich (Germany), Solomon Islands was collaborating with Swiss doctors and
a pathologist in Bangladesh was in touch with colleagues in the UK and South Africa. Thanks to
telemedicine it has become possible to organise a virtual “expert team” with participation from
all these partners, which is now providinghigh quality expert advise to a number of projects. The
organisation of such a “virtual institute” has also been very valuable for the delivery of timely
diagnosis in more complicated cases, but it would not have been feasible for one single project
only. A certain minimal amount of activity is essential before the beneﬁts of a virtual institute
outweighs the necessary organisation effort.
14114.1.3. Educational Impact
The educational impact of continuous access to consultations and expert advise should not be
underestimated. While an individual consultation may privide direct beneﬁts only for a single
patient, there is always some form of knowledge transfer associated with a consultation. Such
knowledge transfer may potentially translate into a skills development for the involved physi-
cians. The educational impact of telemedicine for health care practitioners was explicitly ad-
dressed in the study on a teledermatology project in South Africa (chapter 12) indicating that
telemedicine can have a positive impact on skills development of the involved partners although
the validity and extent of this possibility must certainly be subject to further studies (c.f. sec-
tion 16.1).
14.2. Regional Networks
A second aspect extensively studied was the possibilities for and the importance of regional
telemedicine networks. The beneﬁts of telemedicine in the context of resource-constrained areas
is often viewed onlyin theform of internationalcollaborations – basically “outsourcing”medical
services to (volunteering) foreign specialists. However, telemedicine can also provide powerful
tools for regional networks by facilitating and improving collaboration between different levels
of health care in a certain region. While telemedicine as tool for international collaboration with
developing countries has received some attention[18, 50, 116, 148, 172], there are almost no
reports on speciﬁc opportunities and challenges of utilizing telemedicine for improving regional
collaboration within a health system in a resource-constrained area. However, if telemedicine is
to provide a substantial impact on strengthening health systems, fostering regional collaboration
is probably the most important aspect[53].
Nonetheless, it is more likely that telemedicine will start in form of international collaboration.
However, if strengthening of a health care system is envisaged, telemedicine applications should
be designed in a way to promote not only North-South collaboration but also South-North and
most importantly South-South partnerships. If a project fails to include the regional medical
specialists into the telemedicine activities, they may easily perceive telemedicine as an unfair
competition to their own services and thus try to prevent its implementation on a larger scale.
When deliveringtelemedicaladvicetodevelopingcountries, itshouldnotonlybecorrect but also
relevant. The therapeutic intervention recommended from Switzerland, based on latest evidence,
may not be applicable in Solomon Islands due to ﬁnancial constraints or unavailable infrastruc-
ture. Telemedicine is often utilised for making referral decisions. For a successful outcome it is
important that a patient is referred to the most appropriate health care facility but preferably as
close to his home as possible. In this situation the involvement of the regional medical specialists
is vital.
Within the scope of this thesis two regional networks could be studied. The telemedicine server
at the University of Transkei was implemented to serve as a technically independent platform for
142various telemedical collaborations within the Eastern Cape region (c.f. chapter 12). It was well
accepted by the existing teledermatology project. The two dermatologists, who are working for
the public health services of the Eastern Cape, could be easily motivate to use it. In addition,
dermatologistsform the Universityof Cape town also started to help with the consultations. Turn
around times for dermatology consultations were substantially reduced after the introduction of
the regional network. However, the network failed to develop signiﬁcant activity beyond the
teledermatology project. Although the initial interest was signiﬁcant, it has not been possible
to motivate a local clinical champion for any other discipline who would initially promote the
idea. In addition it seemed that there was a strong competition between different technical pro-
moters of telemedicine in South Africa. Various projects had been carried out, but technology
had stayed mostly underutilised[60, 61]. A collaboration between the different technical projects
on a national level was not established and it seemed that all projects were trying to keep their
few clinical applications tied to their technology rather than investigating into ways of deploying
telemedicine at a health system level. In 2003, the Department of Health of the Eastern Cape
province was planning to use the UNITRA telemedicine platform for an extensive teledermatol-
ogy network including initially 10-20 primary care clinics within the province. Unfortunately
these plans have not yet been put into practice and it had thus not been possible to study the
feasibility of such an approach.
A second regional network observed during this project was the telemedicine initiative of the
Ukrainian Swiss Perinatal Health Project (c.f. chapter 13). Initially the project tried to inte-
grate telemedicine into their program as a tool for connecting perinatal specialists in Ukraine
with partnering specialists in Western Europe. In a ﬁrst evaluation workshop it was found that
the Ukrainian partners welcomed the input from the specialists from Western Europe, but they
wished more participation form the Ukrainian medical specialists. To improve acceptance of
the system, the user interface was translated into Ukrainian language and case discussions in
Ukrainian were promoted. In 2006, a separate iPath server was established in collaboration with
the Mohila Academy School of Public Health in Kiev. The iPath software was installed on
their existing web server. After successful testing of this server, all data from the iPath-server
in Basel (cases, comments and user accounts) were transferred to the new server in Kiev1. It
is envisaged that the Ukrainian partners in the project utilise the telemedicine tool to improve
national/regional collaboration and communication in the ﬁeld of perinatal health and possibly
other medical disciplines.
Technical problems for the installation of independent regional networks based on the iPath
telemedicine platform did certainly existed, but they proved to be the lesser barrier to successful
implementation than the organisation and participation of regional users. The web- and email-
based platform running on a low cost Linux server has been technically very stable and even the
frequent power failures and network outages at UNITRA did not substantially compromise the
system. Within an existing organisational setting (e.g. University) it is relatively easy to set up
and run such a platform. However, successful implementation of such a network largely depends
on the local clinical champions and on a fruitful collaboration between clinical and technical
1http://ipath.ukma.kiev.ua/
143partners. There must be at least one clinical partner who is willing to develop a fundamental
understanding of the necessary organisational framework in order to be able to translate the
technical possibilities into real clinical application.
Regional networks are most useful to implement telemedicine at the primary care level where
language, cultural background and familiarity of the experts with the local situation are of partic-
ular importance. For the organisation of medical specialist networks, the limitation to a regional
audience can also have a negative impact[25].
14415. Telemedicine and Health Systems
Telemedicine has often been suggested as a possible solution to improve health care delivery
in developing countries[52, 53, 168, 171]. It has been well-documented that telemedicine is a
viable option for improving care in a wide range of medical specialties. The analyses in Part
III demonstrate that telemedicine can deliver timely and highly accurate remote diagnoses and
decision support in areas with limitedresource where no local specialists are available. However,
telemedicine has mainly been used in individual care and for isolated consultations between
distant specialists. Available reports on the application of telemedicine in developing countries
are mainly descriptions and analysis of small scale projects that improve care delivery for few
individuals – usually with the help of volunteering foreign specialists[18, 22, 67, 70, 116, 140,
172]. If the population at large is to beneﬁt from telemedicine, it must be integrated into the
health system in a way that the whole health system and thus the population at large can beneﬁt
from it. Although an implementation at a system level is far beyond the limited scope of a
PhD thesis, I would like to discuss in the following a number of important issues that we have
observed throughout our projects.
In a market driven health economy, where patients and insurance companies pay for the bulk
of health care costs, or in situations, where research funds are available, it is to be expected
that telemedicine solutions which increase quality of care or which reduce costs will be devel-
oped and marketed without direct stimulation from the health care authorities. Most successful
telemedicine projects have been driven by either the needs of the involved clinicians or by a clear
busines model based on economic considerations. Technology driven projects have been much
less sustainable; and those projects organised by health authorities did often not meet the needs
of the targeted clinicians well enough to be widely accepted.
In countries with limited resources the situation is fundamentally different. The majority of
the population lives below the poverty line; the tiny upper-class that can afford private health
care are often seeking it abroad. Thus, basic health care services for the masses are provided
by the state and often by charity organisations. Even if telemedicine is proved to efﬁciently
and effectively improve care delivery at the level of primary care, it is unlikely that it will be
adopted by primary care staff on their own initiative as there are usually no means available. In
a resource-constrained area telemedicine can only provide a sustainable and beneﬁcial outcome
for all if it can be implemented on the health system level. The challenging question for the
future development of telemedicine is if and how it can be scaled up and integrated to a level
where it can really strengthen a health system at large.
In the situation where resources are available for a bottom-up approach in which the health
practitioners can organisethemselves and choose how to use telemedicine, then the role of health
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ethical issues of telemedicine. However, if a health care system is centrally organised and if
the implementation of telemedicine is considered on a regional or national scale rather then by
the individual (primary) care providers, a number of fundamental aspects must be considered.
Successful implementation of telemedicine will depend on 1) beneﬁcial outcome, 2) acceptance
by all involved partners and 3) cost effectiveness for the health system1.
15.1. Potential Beneﬁts
Telemedicine is an exchange of knowledge and information between geographically separated
partners of a health care systems with the aim of improving health care delivery. Information is
exchanged between deﬁned partners for a certain purpose. If we want to understand the beneﬁts
of such an information exchange we must understand the different purpose, of information ex-
change and we must consider its value for the different partners involved in a health care system.
The less resources that are available the more important it is to implement telemedicine in a way
that as many of its potential beneﬁts can be unleashed.
15.1.1. Purpose of Information Exchange
The purpose of transferring information from one location to another can be that of a con-
sultation, it can be education of health providers or it may also be general health informa-
tion/knowledge access (ﬁg.15.1). Consultations arise from an immediate medical problem –
one individual within the health system (patient or clinical staff) approaches a distant expert
with a concise question and the information returned is tailored especially to this very situation.
Consultations are generally most closely associated to the term telemedicine. However, if we
recall the deﬁnitions of telemedicine in the introduction (page 10), distance education and dis-
tance access to healthinformation(evidence) are as much part of telemedicine– distancemedical
collaboration – as consultations.
Typical educational applications are driven by teachers utilising communication technologies
to deliver educational material over a distance to the periphery (primary care, patients). While
e-learning and tele-education are only slowly getting common reality, access to medical infor-
mation has already become almost unthinkable without ICTs. Today, library catalogues, articles
in medical journals and scientiﬁc databases are accessed primarily in electronic form.
Short development cycles and global penetration of ICTs make it tempting to develop elec-
tronic systems for information exchange tailored to a very speciﬁc purpose only. Compared
1A major complication with the latter is that the costs of health provision are bourne by multiple entities. Even if
telemedicine does lower total costs, it is very well possible that costs or work load may increase for one speciﬁc
partner involved. For example, if primary care centres use telemedicine for referral planning, this increases the
work-load of the primary care centre. Costs are saved for the patient and for the referral hospital. It is thus
iportant to consider costs for the total health system, especially if it is ﬁnanced by the state. (c.f. section 15.3)
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circles illustrate the main purpose of exchange in the medical ﬁeld: access to medical information
and knowledge (evidence base), education and consultations. Technology should place the users in
the centre of information ﬂow enabling them access to all kind of information. Interaction between
the different ﬁelds are visualised with the dotted arrows (c.f. text).
to the traditional universal position of universities, there is in increasing tendency towards an “e-
fragmentation”. This neglects the fact that consultations/collaboration, education and research
(resulting in generally valid information) cannot be separated from each other: A consultation
often includes a fair amount of educative information; consultations provide valuable input on
what type of continuous education is necessary; latest scientiﬁc results and evidence should al-
ways ﬂow back into education; collaborations are important for quality research. In ﬁgure 15.1
these interactions are illustrated with the dotted arrows.
It should also be considered that technical access to health information (journals and books) is
not by itself enough for successful dissemination of information. For many health providers,
especially those who are not English native speakers, there is a high initial hurdle to use such
informationas evidenceto improvetheirownpractise. Initialhumancollaborationisoften neces-
sary to lowerthe barriers to start using availableinformation. If such collaborationis not possible
face to face, telemedicine offers a very viable option for such tele-tutoring. We have regularly
observed that consultants would direct the case submitter to journal articles or even include the
full text articles with their report.
For a person working in a functional academic environment this “e-fragmentation” does not
impose any particular disadvantage, maybe except for the fact that an increasing number of
different computerised systems and software have to be mastered. In areas where resources are
constraint, where specialists are few and far between and where a general academic environment
– providing access to information, education and exchange with colleagues (consultations) –
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between the partners of a health care system. For strengtheninga health care systemit is essential
that all aspects of information exchange (consultation, education and knowledge access) are
addressed.
Noteable, most of the feature request by users of iPath were in the direction of improving its
capabilities of managing accumulated knowledge. This included the possibility to insert links
to articles on medline and to attach full-text papers to consultations. Furthermore, a taxonomy
system to precisely label any object within the database (images, cases, articles) is now in de-
velopment. This taxonomy module will ﬁnally enable cross-linking of all content stored in an
iPath-server. Another pending request is to create a possibility to re-use consultations as “learn-
ing problems” that can be presented to students.
15.1.2. Partners in Information Exchange
The primary aim of health care is to improve the well-being of the individual patient, and thus
improvement of individual care is often perceived as a primary goal of telemedicine. However,
taking direct impact of a telemedicine consultation on the outcome for the individual patient as
sole measure would be falling short of the potential beneﬁts of telemedicine. There are many
other ways in which telemedicine, if properly implemented, can help to strengthen a health sys-
tem and thus ultimately improve the individual’s situation.
A proper understanding of the different possibilities how the health system can beneﬁt from
telemedicine is fundamental for a successful implementation on a larger scale. If the planning is
focusing only on one type of application, it is much more likely that the achieved and perceived
beneﬁts will not outweigh the costs of the involved technology.
In this section I will go through different levels of a health system and summarise the potential
beneﬁts that telemedicine can offer at each level.
Patients
In the centre of interest in health care is usually the patient. Although the telemedical applica-
tions studied in this thesis are not patient-centric in the sense that the patient directly interacts
with the telemedicine technology, there are still major beneﬁts for the patients. The most com-
monly encountered beneﬁt for patients is that telemedicine supports the local health provider
with improved diagnosis which often translates into better treatment for the patient. A good
example was presented as a case study in chapter 12. In this study telemedicine had a positive
impact on treatment in over 50% of all cases.
Unfortunately it was not possible to study this impact on patients in the telepathology studies
(chapter 9-11). Patient records were often not available and the capacities to conduct and docu-
ment follow-ups were not available. In addition, for pathology diagnosis it is generally difﬁcult
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are only measurable on a long term basis.
In places where telemedicine has been implemented on a regular basis in primary health care it
could be observed that the mean duration of chief complaint could be drastically reduced[15].
The beneﬁt for the patient was also reﬂected by the fact that “... all patients surveyed were either
"very satisﬁed" or "satisﬁed" with their care, and most patients were willing to pay for a visit,
with a median amount of USD 0.63”[15].
A second important impact on patients is that telemedicine can help to improve referral pat-
terns. In rural areas the number of referrals from primary health care centres to district clinics
is often minimal due to a low acceptance rate by patients. The opposite is true for urban areas
where many unnecessary referrals lead to congested hospitals dealing with problems that could
be addressed at a primary health care level[13]. In rural areas, distances between hospitals and
primary health care centres are often long. Even if transportation is available, the cost of trans-
port is a heavy burden for the often poor patients. Telemedicine can help to give the patient a
better understanding about the necessity and implications of a referral.
However, the most important beneﬁt for the patients will probably be a very indirect one. If
telemedicine can help to improve the skills of local health providers (c.f. chapter 12) this will in
the end make the largest difference for patients in general as the local health provider will grad-
ually improve his diagnostic skills and will thus be able to treat more patients more adequately
in the future.
Primary Care
In many parts of the developing world primary heath care centres, clinics, and small hospitals
are the backbone of the health care system and deliver the bulk load of medical care. Often these
centres do not even have fully trained medical doctors but are run by nurses or clinical ofﬁcers.
While nurses are skilled in direct patient care, they do normally not have adequate training and
experience in diagnosing certain types of diseases. In a situation where the health professional
at the primary health centre cannot diagnose the type of disease, the patient is typically referred
to the district hospital.
Bossyns et al. [13, 14] observed that these referral systems are often functioning very poorly in
rural Africa. Besides ﬁnancial constraints, the noted obstacles are passive patients that do not
understand properly the need for a referral and primary care staff that are “... reluctant to refer
because they see little added value in referral and fear a loss of power and prestige”[14]. The
result is poor communicationbetween health facilities which again hampers the well-functioning
of the health system[78].
In contrast to physical referrals from which the rural clinics usually do not get any feedback
telemedicine poses the primary health worker in the center of activities. Tele-consultation with
the specialists from the referral centre can either provide the primary health staff the necessary
diagnostic input to treat the patient locally or they may conﬁrm the necessity physically referring
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continuous medical education which is often very rare if not totally absent in rural Africa.
In many developing countries young doctors are obliged to do at least part of their residency in
form of “community service”. They are often reluctant to do so because they do not yet have the
clinical experience in dealing with a lot of the medical problems encountered. Furthermore, in
order to fostertheirown personal career and in order to qualifyfor full registrationwiththe medi-
cal board they need to get specialist training. Traditionally, the only way to get advanced training
is working in a larger medical centre where senior specialists are available. A telemedicine link
to appropriate specialists could improvethesituation for doctors on communityservice by giving
give them the possibility to stay in continuous contact with their tutors for clinical consultations
as well as for continuous training[53]. In a needs assessment carried out with medical residents
in Cameroon, Scott et al [134] found that most of the surveyed residents (n=17) indicated that
the ability to contact a mentor would have altered their handling of recent cases (84%). Every
resident had access to a mobile phone and 65% had used it to contact a medical colleague for
guidance.
It is noteworthy that the beneﬁts of telemedicine for primary care in developing countries has
hardly been demonstrated. Beneﬁts, especially for better referral planning, are only possible
if telemedicine is well integrated into the health system. This is a big problem in developing
countries. Advocates of telemedicine prefer isolated high tech solutions over integrated services
that rely on basic technology like telephones, VHF radio, etc. Equipment from the industrialised
world is often not directly applicable, and technology that is appropriate is often not considered,
partly due to lack of local specialists.
Medical Specialists
For medical specialists there are different types of potential beneﬁts. Especially in developing
countries and rural areas there are few specialists and thus they often work under profession-
ally isolated conditions. Outside the main medical centres opportunities for continuous medical
education are rare. Telemedicine is very suitable for overcoming professional isolation and it
can give access to quality assurance and to continuous medical education without expensive and
time-consuming travelling. Telemedicine offers an opportunity to get a second opinion on a
complex case even if there is no other specialist available in the same place.
Medical sciences are progressing very quickly. Diagnostic tools as well as therapeutic interven-
tions are changing and the life of a specialist is that of constant learning. Medical professionals
in developing countries are often cut off from new developments due to various reasons: access
to scientiﬁc publishing and updated text books is limited, exchange with colleagues is hindered
by distance, coordinated continuous medical education activities are non-existent and travelling
to international conferences is often not affordable. For isolated specialists modern ICTs of-
fer ways of communicating with other specialists. The histopathology forum (c.f. page 58) is
a very good example of this type of application of telemedicine. The forum is organised as a
virtual community with participating pathologists from all continents. Consultations and case
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nia, Armenia, United Arab Emirates, Myanmar, Uzbekistan and from other countries. Over 50
pathologists have participated in discussing these cases by providing not only diagnostic input
but also literature references and occasionally copies of full-text articles. The log ﬁles of the
server reveal that there are many participants in the forum that do not post their own cases or
write their own comments, but who are regularly following the discussions. This clearly indi-
cates that for many participants following a case discussion of senior pathologists is at least an
educative past-timeif not some form of unorganised CME. Particularly interesting is the recently
increasing sharing of literature references on iPath. Only some pathologists have good access to
scientiﬁc literature, either through their library or through programmes like HINARI[2]. In ad-
dition, the huge amount of available literature makes it difﬁcult to ﬁnd good articles which are
relevant to a speciﬁc problem, epscially for junior specialists.
In many medical ﬁelds clinical decision-making is based on the diagnostic input from a number
of specialists. Oncological treatment plans are typically based on the information provided by
pathologists and radiologists. Difﬁcult cases are frequently discussed in “tumour board meet-
ings”, which bring together radiologists, pathologists, oncologists and other clinicians involved
in the treatment of the cancer patient. Such “virtual care teams” can be greatly facilitated with
the help of telemedicine. There is currently no example for such an application from a resource-
constrained area, but the “Oncology Centre Lörrach” (c.f. page 56) may serve as illustration.
Since 2002 almost 500 cases presented and discussed at the institutionalised oncology meetings
in Lörrach have been documented on iPath jointly by the oncologists, pathologists and radiolo-
gists, who are notably all working in different locations. Today the telemedicine tool has become
an integral part of the oncology meetings: interested team members can look up the material be-
fore the meeting; during meetings all material is presented directly from the telemedicine system
and no longer from transparencies, slides and PowerPoint presentations; conclusions are often
annotated in the system and after the meetings every participant can at any time from anywhere
review all material. As a side effect, the group has built up database with over 400 oncology
cases containing relevant radiology and histopathology images which now build a reference and
teaching repository.
At present the medical specialists are certainly the sector of the health system in developing
countries that can most readily beneﬁt from telemedicine. Often they already have or can af-
ford basic infrascruture: essentially this is a digital camera and a PC with an Internet connec-
tion. Their medical background also allows them to relatively easily integrate with international
communities of specialists: through communication by email or by participating in on-line dis-
cussions such as those on iPath or by contacting specialised consultation services such as AFIP
telepathology[163], the UICC telepathology consultation centre[40, 101] or telederm.org[136].
It is worthwhile noting here that collaboration with developing countries can also be interesting
for specialists in the industrialised part of the world. Several pathologists working as consultants
on the iPath server at the University of Basel have indicated that a motivation for doing so is,
apart from the humanisticaspect, the fact that they get to see many interesting and rare pathology
cases which are hardly seen in Western Europe.
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The impact of telemedicine on a health system is very difﬁcult to assess. Improved diagnosis
for individual patients and skills development for the health professionals are only one part of
the potential beneﬁt of telemedicine for health care systems. In many African countries the
health system is organised by a two-tier district approach with health centres offering proximity
care with relatively low technology while district hospitals provide back-up for patients referred
by health centres[14]. Although proposed referrals are generally accepted by the patient, the
compliance rates are often relatively low due to various reasons. Bossyns et al. report that in
rural Niger “62% of emergency referral proposals for children below 5 years were not complied
with”[13]. Even if patients visit a district hospital, there is usually no feedback from the district
hospital back to the nurse at the health centre. These circumstances are neither a satisfactory
solution for the patients nor very motivating for the health workers to improve their own skills
and abilities as they perceive the situation purely as lack of means and resources available at the
primary health care level[14]. Telemedicine would be an ideal tool to address both issues. A
telemedical consultation could clarify if a physical referral of the patient is really necessary, and
the consultants could also provide some information about the expected duration and planned
interventions. Many referrals could become unnecessary as the treatment could be delegated to
the health centre. As the health centre is initiating the referral process with a tele-consultation,
there is an immediate feedback for the nurses. Even in the situation of a physical referral the
physicians at the district hospitals could even use the telemedicine link to provide the health
centre with records and to receive follow-up information on patients’ status after they returned
back totheirhomes. AnillustrationofthecapabilitiesofICTs intermsofpreventingunnecessary
referrals was provided in ﬁg.12.3.
Telemedicine can also play an important role in establishing disease registries or generally in
collecting epidemiological data. A problem with classical reporting systems is that they are of-
ten organised only in one direction where the periphery reports towards the central authorities.
Health staff are sometimes reluctant to provide accurate and timely data and statistics as they
do not get any immediate feedback or direct beneﬁt from their reporting. Although telemedicine
cannot changethisproblemitself, thebi-derectionalcommunicationprovidesan immediatefeed-
back. Furthermore, consultative activities can give also a certain immediate picture about some
of the health problems within a region.
15.2. Acceptance
Eveniftheoreticallybeneﬁts oftelemedicineareconvincingthisdoes notimplythattelemedicine
will ﬁnd good acceptance with all stakeholders involved. Health care professionals are working
on a very busy schedule and there is not much time to learn about new technologies.
In many developingcountries nurses and doctors get no or only minimalexposure to ICTs during
their training. Similarly, many of the senior medical specialists that are willing to participate
in telemedicine projects do not have an interest primarily in technology, but in sharing their
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most health professionals master on their own – mobile phones and Internet/email. Chances
that telemedicine is accepted by the involved medical staff are higher if it is based on familiar
technologies. In contrast, if staff have to deal with too much special equipment which does
not have any practical application within their normal work but suits telemedicine only there
is a higher chance that technology will not ﬁnd good acceptance. The experience with video
conferencing in South Africa may serve as an example. In some provinces a number of video
conferencing systems have been set up within a national telemedicine project. Especially in rural
settings several problems could be observed. Many professionals were reluctant to learn how
to use the equipment on their own as it was perceived as something that they knew they would
never use for their purpose. The same people all had mobile phones or TV sets and mastered to
handle those easily without any particular training effort.
A fundamental misunderstanding is that acceptance will increase proportionally with interactiv-
ity and speed of connectivity of a telemedicine link. The medical professionals perception of
“speed” of a telemedicine system is not directly related to its true technical speed, but rather on
how quickly they can ﬁnish a task. Synchronous telemedicine solutions such as video confer-
encing (VC) are able to accommodate immediate tele-consultations, but only if all partners are
available at the same time. This requires a tight schedule and it implies that a delay at any side
will equally affect all participants. In the busy day of a health care professional any unnecessary
delay is usually perceived very negatively. In situations where store-and-forward is possible it is
often much more feasible and acceptable although it does not offer the interactivity and speed of
real-time consultations. A nurse in a primary care centre can easily take images of a dermatolog-
ical lesion with a digital camera and send them with a short clinical description to a dermatology
consultant. The consultant can review the images later independently. Reviewing a few still im-
ages and writing a short report is often much quicker than waiting for the patient to undress and
pose in front of a VC-system and then to explain to the patient and nurse the ﬁndings and further
proceedings.
15.3. Cost Effectiveness
A common problem with the implementation of any new technology is its legitimation with
regards to cost effectiveness. For technologies such as telemedicine which involve partners from
different levels of a health care system it is very difﬁcult to establish actual costs and savings[63,
160]. Direct investments for infrastructure vary greatly depending on the chosen technology.
Many real-time telemedicine applications call for highly speciﬁc and expensive technologies
such as video conferencing or robotic microscopes and dedicated high speed communication
lines. In contrast, store-and-forward solutions often do not require anything except a PC, which
may already be present in many cases, and a simple digital camera. If telemedicine can run on
existing hardware and communication lines, the additional direct costs are minimal.
However, looking at the hidden costs gives a much more complex picture because the application
of telemedicine often changes the medical work-ﬂow drastically and shifts costs from one entity
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costs somewhereelse. In addition, themain aim oftelemedicineisoften an improvementofdiag-
nostic security, reduction of turn-around times or the educational value of information exchange.
All these factors do not directly translate into cost savings. Estimates about cost effectiveness of
telemedicine can thus not be given in a general way, but must always be determined with respect
to a concrete application. If the costs for travelling or visitinga specialty clinic are relatively low,
telemedicine may not be cost-effective. However, if the beneﬁts of technology and knowledge
transfer are considered[75] or if transportationis expensive[12, 87, 88], investmentin technology
may be cost-effective.
15.4. Deployment Strategies
Advocates of telemedicinehave raised hope that this technology will solve many of the problems
of delivering quality care regardless geographical distance. It is thus tempting to believe that
the situation in rural clinics will improve automatically with the installation of the necessary
technology. The experiences from national/provincialtelehealth projects, e.g. from Australia[33,
180] or South Africa[60], teach us that it is not as easy as installing some nifty technology.
Alhough installed equipment was technically working it was often severely underutilised. In a
country like Australia, where basic infrastructure such as telecommunication lines and power
supply is reliably available, it was found that it is not so much technology but the human factor
that tends to determine success or failure of telemedicine. In resource-constrained areas this will
not bedifferentbut theunreliabilityofbasicinfrastructurerequires a muchmorecareful selection
of appropriate technology.
For the successful implementation of telemedicine on a larger scale it is crucial to consider a
number of issues during the planning phase. In order to be successful, telemedicine projects
must be technically feasible, medically valid, reimbursable or government-funded and they must
be institutionally supported. Although the projects analysed in the scope of this thesis have all
been of a relatively small scale, it is possible to learn some lessons from the limited experience
and to draw some conclusions for the future.
15.4.1. Selection of Technology
Selection of appropriate technology is of crucial importance. Investments in technology are
often the highest initial costs of telemedicien projects, especially in areas where the penetration
of technology is generally low. Key issues for selecting technology include the following:
Considering the Weakest Link
When planning a telemedicine network it is essential to consider the (technologically) weakest
link. Thefanciest telemedicinereceivingstationisuseless ifthesendingstationisnot operational
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image quality is useless if transmission lasts hours. If collaboration with partners in low resource
settings is envisaged, there must be at least a fall-back method that works relatively reliable also
for the most remote site of all partners involved. When we started the collaboration with the
National Referral Hospital on Solomon Islands (c.f. chapter 9 & 10), iPath was only offering
web-based access. The experience from submitting the ﬁrst few cases over an extremely slow
connection and the frustration when transmission was stopped in the middle brought up the idea
to use email to submit cases. When submitting a case by email, the physicians in Honiara could
prepare all cases off-line in their email client (Outlook Express) and then send them all at once
in the background telling the email client to disconnect the modem as soon as all emails were
sent. Since the common email protocol (SMTP) is very robust, we hardly observed any loss of
data even on the slowest network. Another advantage of communication by email is even much
more profane. Before implementing the email interface for iPath, physicians had to log in on the
web site to check for diagnosis on their latest case. After the introduction of email they could
receive all comments conveniently in their personal email which they were reading regardless of
the telemedicine activity. After some time it happened that certain case submitters had forgotten
that they were actually communicating by email with a web server and not with a person.
Using Common Technology
Inordertokeepinitialinstallationcostsataminimumbutalsointheinterestoflong-termsustain-
ability it is useful to deploy commonly available technology. A frequent mistake in telemedicine
implementations is not to plan for continuous support of technology in rural areas. It is much
easier to ﬁnd on-site support (commercial or on voluntary basis) for common technology such
as dial-up Internet connection over phone lines and ordinary PCs with standard software (email
client or web browser) than it is for some special purpose hardware. A pathologist in Bangladesh
was waiting for months to get the CD-Rom with the software for the special purpose microscope
camera that he had purchased because the companies sales representativewould visitBangladesh
only few times a year2. The software for more common consumer-type digital photocameras can
be usually downloaded from the web and the local vendors can often also organise copies of the
software.
If telemedicine technology is not regularely used, there is also the danger that a minor fault de-
veloping in-between two sessions is not detected and that subsequently the system is not readily
operational by the time when it is needed. For example, video conferencing systems usually
rely on ISDN-lines. In primary care facilities in rural South Africa such lines are often installed
exclusively for this purpose. If there is a problem with the ISDN-lines, it will stay undetected
until the next video conference session. A problem on the ordinary phone lines would have been
identiﬁed by the ﬁrst person trying to make a phone call.
Anotherissueis thattheuseofcommontechnologyusuallyrequires less speciﬁctraining. Health
2The necessary software was ﬁnally organised from the representatives in Switzerland and was sent to Bangladesh
via Basel.
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telemedicinerelies on somespecial purposetechnology that health staffwouldnot use otherwise,
it often requires quite some motivation to win their interest and they will need extra training. If
it is possible to use a more common technology that they are already familiar with – for example
mobile phones or sometimes Internet/email – the hurdle to use it also for telemedicine is less
high.
Multi-Purpose Technology
The basic infrastructure for telemedicine is often not speciﬁc and can be used for different pur-
poses. Costs could be minimised by sharing infrastructure between different applications of
ICTs. This effect is not necessarily obvious in pilot projects, where telemedicine is often re-
garded as a totally separate application: a personal computer with an Internet connection may
be even more costly than a video conference station. However, if looking at costs from the per-
spective of the health system, then a PC can potentially serve many more purposes than the VC.
The PC can be utilised for general ofﬁce work, email communication, literature searches, record
keeping and statistics as well as for telemedicine.
The feasibility of using general purpose equipment for multiple purposes largely depends on the
kind of medical problem that is being addressed by telemedicine. In a mission critical situation,
where the patient’s life is at stakeand where remote interventions or diagnoses are required, the
reliableand safeoperation of telemedicineis of foremostconcern. Thesituationin mostdevelop-
ing countries, however, is different insofar that the prime goal of telemedicine is often to support
and empowerthe rural health care providers. Besides, theapplication of one type of telemedicine
is often inducing the need for another type. If pathology diagnoses are becoming readily avail-
able, the next question will be how to proceed with treatment. Thus, taking into account the fact
that there are a number of different applications of telemedicine (c.f. section 15.1), it is advis-
able to plan right from the beginning towards a network allowing different kind of applications
if possible based on one common technological platform.
15.4.2. The Process of Implementation
Probably the most important single factor for a successful use of telemedicine is the process of
implementation. The implications of integrating telemedicine into health care systems and the
associated problems have been extensively studied in Canada by Jennet et al[71, 73, 72]. They
foundthat theintegrationoftelehealthintohealth systemsbeneﬁtted from staged implementation
and from building on each community’s cultural context. Keeping records of best practices and
lessons learnt as well as systematic evaluation are signiﬁcant for the roll-out and success of
future implementations. They also stress the importance of ’readiness’ of the environment which
can be improved by means of a staged approach that gives health staff, administrator and the
communities time to adjust to the changes associated with telemedicine.
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the medical specialists. They are aware of the importance of continuous medical education and
interaction with colleagues and are thus very susceptible for the possibilities of telemedicine. In
primary care, especially in rural areas where the exposure to communication and information
technology is minimal, the situation is quite different. It will need concise strategies to create
awareness on different possible applications of telemedicine technology and to minimize the
barriers that often prevent their use. In the following I will list the most important strategies
developed or observed throughout our own projects.
The Local Clinical Champion
An importantroleintheimplementationprocess isthat ofthelocal “clinical champion”[47, 145].
In the initial phase the clinical champion’s role is that of a visionary pioneer who can create
awareness and interest. Later the role changes to that of the advocate and coach. The clinical
champion has an important role in lowering the behavioural, technical and institutional barriers
that often exist towards the use of telemedicine. Ideally, the clinical champion is a doctor or a
nurse working in a clinical setting: this greatly helps to keep telemedicine focused on the clinical
needs.
Personal Motivation
Health care professionals are frequently burdened with an immense workload and tight sched-
ules. Most clinics in developing countries are not adequately staffed to deal with the amount
of patients and there is often additional administrative work that is left with the health care
professional due to a lack of administrative personal and an inefﬁcient administrative organisa-
tion. Most primary health care staff in developing countries are not familiar with computers and
other information technology and there is a tendency that new technologies such as telemedicine
are perceived only as additional workload. Thus, there is generally a high initial hurdle to use
telemedicine and the idea is not often encountered with much verve except with the few enthusi-
asts. In this situation it is often necessary to communicate the potential beneﬁts of ICTS and to
create a certain motivation for people to start using it.
Motivation is generally stimulated through the appreciation and acknowledgement of a person’s
work. If an individual feels that his or her work is having a positive impact on his or her envi-
ronment, this person is more motivated to improve his or her own skills. On the contrary, if a
someonefeels that one’s efforts are not being recognized and that there is no appreciation ofwhat
one is doing, motivation will decrease. It is thus important to convincedemonstrate to primary
health staff how telemedicine can help them improve their own skills and thus achieve a better
outcome within their community rather than having to refer patients to the next level health care
facility. In addition, usage of telemedicine will increase the “visibility” of primary care staff, it
will enable them to get a feedback from the next level health facility and ﬁnally, if patients can be
treated successfully within the community, increase the health workers’ appreciation within their
157community. If telemedicine is utilised in appropriate manner it may also serve as a motivating
factor.
Personal Interaction
Motivation is often based on personal perception and on interaction between individuals. In
telemedicine, where collaborating individuals are normally geographically separated, it is im-
portant not to neglect the component of personal interaction. Especially in the initial phase when
technology is new for its users, it is valuable to give them some feedback. As an example, in
the telepathology project on Solomon Islands it has been very helpful to urge the surgeons to
pass on the pathologists’ feedback on slide quality to the laboratory technicians. Knowing that
their slides were reviewed by international specialists and knowing that the slide quality was ap-
preciated was a real motivation for the technicians to keep improving the quality of histological
slides. Although the laboratory is technically primitive, the quality of slides produced today is
comparable to those produced in Switzerland.
We found it very useful to provide some sort of initial tutoring. If a new person wanted to start
telemedical consultations through our system, we often tried to open two channels of commu-
nication: consultations and mentor. The telemedicine consultations are directed to the iPath
telemedicine platform where the role of the consultant is not tied to an individual person, making
it much easier to triage consultations to the optimal specialists. Since the consultants are work-
ing in a group, they have some freedom of who should answer which consultation and we could
observe that there was often communication between the consultants, too. However, besides the
consultations, we often tried to open a personal communication between the new non-expert and
one of the consultants. This private mentoring channels have been useful for communicating
certain guidelines and also some criticism on how to improve the quality of submission (image
quality, clinical information, etc.).
Strengthening of Existing Partnerships
From the many telemedicine collaborations that started using our iPath server at the University
of Basel we have observed that the most successful ones were those that built on an existing
international partnership. Once telemedicine has been implemented successfully in the scope of
an existing collaboration it is much easier to introduce new applications and to extend the usage
of the telemedicine link to areas outside the initial collaboration than it is to newly introduce
collaboration by telemedicine only.
Evolving rather than Imposing Guidelines
The accuracy of telemedical consultations depends largely on the clinical data (patient history,
complaints, images, etc.) recorded by the non-expert. Most non-experts have neither experience
with selecting and photographing lesions nor with the written recording of a clinical history.
158While it is certainly necessary to develop certain standards for recording clinical data, it is is also
a fact that complex forms for data capturing or very strict guidelines impose high barriers for the
usage of telemedicine, especially for people with low previous exposure to technology. It is very
helpful to guide new users of telemedicine towards certain standards rather then trying to enforce
them.
A Strategy for Procuring Technology
Beside the selection of technology itself, the process of procuring technology can be a key de-
terminant for the success or failure of telemedicine. Pilot projects are often implemented using
donated or speciﬁcally purchased equipment. While in some situations the application of spe-
ciﬁc technology may be justiﬁed, telemedicine can generally be implement most economically
using common technology which can be easily shared with other applications. While sharing
computers and connectivity between different tasks, i.e. utilising infrastructure for multiple pur-
poses, is economically sensible, it requires careful planning to prevent that equipment ends up
monopolised for one use or even largely unused because it is not accessible to those who should
use it.
The Role of Health Administrations
While he most prominent role of health administrations is that of funding technology it cannot
be stressed enough that the selection of appropriate technology should be based on clinical needs
and not on administrative reasoning. Health administrations should probably not select technol-
ogy but rather develop the framework in which technology is to be deployed. This includes the
development of policies but in our experience even more important is the organisation of work-
ﬂow and communication between rural health providers and medical specialists. For example,
the availability of mobile phones alone does not solve all problems. Even if all residents and
nurses are equiped with mobile phones they must still know whom to call for what questions.
On a large scale, such a “telephonic referral system” will not work if it is based on a personal
contacts only. An unavoidable step for a large-scale deployment is a proper organisation in form
of a call centre or a store-and-forward system.
15.4.3. Decentralised Collaborative Networks
Potential beneﬁts of telemedicine for a health care system are diverse. There will not be one
single technology that sufﬁces all these different types of applications, but for a successful im-
plementation at a larger scale it is important to develop a strategy that encompasses all aspects of
electronic information and knowledge exchange (consultation, education and access to medical
information).
Many telemedicine projects are essentially outsourcing certain medical or educational services
to foreign institutions. There are many institutions offering services at a distance, some of them
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offers excellent on-line learning modules for general practitioners3. Outsourcing services is cer-
tainly the solution that requires least organisational effort. However, it bears several problems.
Outsourcing creates external dependencies – for content as well as for technology. Usually the
service providers will determine the technological requirements for accessing their services and
often it may not be easily possible to supply the necessary infrastructure. At the content level the
situation might be even more problematic. It was found in a pilot project between West Africa
and Switzerland[53] that “... several topics for seminars, requested by physicians in West Africa,
could not be satisfactorily addressed by experts in Switzerland, due to major differences in diag-
nostic and therapeutic resources and due to discrepancies in the cultural and social aspects”.
Whenaddressingtheprimarycarelevelitiscrucialtoincludetheregionalmedicalspecialistsand
to rely on technological infrastructure that is commonly available and not one that is requested
by service providers alone. A promising way to achieve this is fostering South-South exchanges
of expertise through decentralised and regional collaborative networks. Timely, secure and reli-
able exchange of sensitive information for the beneﬁt of primary care providers requires a good
organisation of the collaboration between all stakeholders of a telemedicine application, partic-
ularly for store-and-forward telemedicine where communication is not synchronous. The expe-
riences with telepathology on Solomon Islands and Cambodia have led us to the development of
computer-aided virtual communities of experts who jointly provide services (virtual institute).
On an international level such services organised across institutions and borders raise legal, eth-
ical and economical question that have not been adequately addressed to so far. However, on
a regional level the legal and ethical situation is much less problematic. Joint expert services
could be implemented based on existing forms of collaboration, beneﬁcially supplementing the
existing referral system. While such services are ideally organised by regional authorities and
specialists, this should not prevent participation of international specialists in such a regional
network. For the medical specialists the possibilities to collaborate at an international level are
often more interesting than collaboration limited to a regional level only[25].
Implementationof telemedicinein form of decentralised networksimposesfar greater challenges
than participation in an established international network. While installation and maintenance of
technology and training of the users in its application is a challenge of its own, the organisa-
tion of work-ﬂow and collaborational frameworks are much more important. Successful and
sustainable implementation of telemedicine lie in the social processes of human resource devel-
opment, changing organisational collaboration and the dissemination of relevant information. It
is import to realise that technology does not only serve the purpose of transmitting medical data
from one point to another. For the organisation of a larger network of collaborating special-
ists it is indispensable to automate the ﬂow of communication to some extent by deployment of
computer-mediated communication and social networking approaches.
3http://www.bmjlearning.com/
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For implementing telemedicine within decentralised regional networks in resource-constrained
areas there are two somewhat contradictory principles that have to be balanced. On the one hand
it has been repeatedly reported that telemedicine is most successfully implemented when driven
by local clinical champions based on clear clinical needs and organised from the bottom-up.
On the other hand, implementation of telemedicine as a tool for strengthening a health system at
large needs some central coordination, if not only the few hospitals and GPs who already possess
the necessary technical skills and connections are to beneﬁt. Many of the potential beneﬁts of
telemedicine, such as reduction of unnecessary referrals and skills development of primary care
staff, can only be economically viable at a system level since they are not equally cost-efﬁcient
for all partners involved. If the specialists’ income is lower for telemedical consultations than for
physicalexaminations, they will usuallyprefer physicalreferral of patients although thisimposes
much higher costs for transportation, bourne by the patient usually, and provides no beneﬁt for
the referring primary care centre.
Technological infrastructure necessary for telemedical activities is not available in many clin-
ics. However, basic ICT infrastructure can serve multiple purposes such as patient information
management, planning (e.g. through a district health information systems[164]), access to health
information,knowledgemanagementaswell as tele-consultationsand distanceeducation– inthe
medical ﬁelds but as well in other sectors. Thus, wherever possible deployment of technology
should be preferably organised in a multi-sectoral approach, e.g. in the form of general purpose
Internet access points, enabling not only telemedicine but beneﬁting a wide variety of applica-
tionsineducation, localeconomy,etc[53]. TheprojectintheTsilitwaclinic(chapter12)provides
an example of such a multi-sectorial ICT deployment and for the Solomon Islands Telemedicine
Network (c.f. 16.3) a similar approach is planned by fostering a collaboration between a UNDP
project for rural connectivity and the Ministry of Health.
Open-Source Approach
Open-source software is becoming increasingly popular. In the medical ﬁeld there are several
open-source projects developing software for patient and practice management. Open-source
offers two main beneﬁts which are important for resource-constrained areas. Most open-source
software is availablewithout licensing costs and can be freely redistributed. Thus, large-scale de-
ployment and software upgrading do not involve high licensing costs. More important, however,
is the fact that open-source software is open for adaptation and further development. Software
engineers from developing countries can easily adapt open-source software to local needs. A
prime example is the care2x project4, which provides an open-source hospital information sys-
tem including patient management, billing, laboratory and pharmacy management and much
more. Care2x is used e.g. in Tanzania by a number of hospital and it has been adapted to local
4http://www.care2x.org/
161languages and work-ﬂow. In addition, a national project for exchanging data between care2x and
DHIS[164], notably now also an open-source project, has been initiated5.
Despite clear advantages, we have experienced that open-source is often perceived by health
administrations as unprofessional, inferior and insecure. The arguments are usually not based on
any technical evaluation but rather derived from the fact that open-source cannot be bought from
a “reputable” company that will guarantee proper functioning and maintenance. We observe a
tendency that health administrations prefer to buy telemedicine in form of ﬁxed services and
packages. It seems to be a problem with open-source software that it cannot be bought from a
vendor as complete solution.
While there are no licensing costs with open-source there is a need for skilled technicians who
are able to install and maintain open-source solutions. When promoting the implementation of
telemedicine or other IT solutions in health based on open source it must be also be considered
how open-source solutions are going to be supported6. While we tend to see it as an advan-
tage that open-source solutions leave more resources for development of local human capacity,
decision-makers often prefer spendnig on hardware over spending on human resources as hard-
ware seems to present a more solid value.
15.5. Towards a Grid of Decentralised Networks
While an approach of decentralised regional networks seems very promising for fostering re-
gional collaboration and better integration with the regional health system and for addressing
technical implementation and support, there are also activities that are favourably happening at
an international level. In addition, in many developing countries health care systems are of-
ten substantially supported by international organisations. Even within the limited scope of this
thesis it has become obvious that the co-existence of regional organisation and global informa-
tion exchange is a key factor for successful deployment in resource-constrained areas. In our
projects this was accommodated by the possibilitiesfor collaboration between the various virtual
communities hosted on our server at the University of Basel.
For a larger scale implementation within health care systems such networks must be technically
and organisationally independent. While patient consultations and referral planning should be
preferentially addressed at a local level, the need of regional specialists to further consult with
colleagues on an international level should also be accomodated. Relevant educational content
produced at an international level should be easily accessible through regional networks extend-
ing into primary care.
5Some information on care2x in Tanzania is available from these two websites:
http://www.hisptanzania.org
http://health.elct.or.tz/projects/Care2x.htm
6It should be noted that similar problemscan also be observedwith many commercialproductsas user supportand
services in developing countries is often minimal.
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little understanding about how such independent networks can be integrated into a loose grid of
networks allowing transparent information exchange and inter-connectivity at all levels. Grid
technology is an emerging ﬁeld of computer sciences addressing several issues in distributed
computing and providing concepts and frameworks for the technical integration of networks[80].
Nevertheless integration of different telemedicine networks into a grid is not depending on tech-
nical standards alone – organisational, psychological, social, ﬁnancial, legal and political aspects
must be equally addressed. This will be one of the challenging areas for further research in
telemedicine which will be of high impact also for its application in developing countries.
15.6. Recommendations
The experiences gathered and lessons learned lead us to a number of recommendations which
we will try to incorporate in future projects.
• The organisation of work-ﬂow and collaboration in telemedicine should be driven from the
clinical needs. The doctors must be involved in the process.
• Support clinical champions and empower the health staff to beneﬁt from ICTs in their own
best way by providing infrastructure and training but without imposing total solutions.
Applications must be adaptable to the local care process.
• Fostermulti-sectoralapplicationofICTs bypromotingtelemedicinetoolsthat are basedon
technologythat can beshared withotherapplications. Evaluateand developmodelshowto
utilise commonly available technologies such as mobile phone in telemedicine networks.
• Promote pilot projects that focus on applications that are replicable at a health system level
and study the possibilities for integration into regional networks.
• Create and publishdatabases of pilot projects (successful and failed) and best practises and
evaluate projects in terms of impact on individual care, involved care provider and health
system.
16316416. Ongoing Projects
16.1. Educational Impact of Telepathology
Consultations
In a ﬁrst study we analysed the quality of telepathology consultations. Besides the delivery
of an accurate diagnosis for the patient such consultations provide an important input for the
local pathologist to develop skills and to achieve a certain security for making diagnoses locally.
Since the beginning of the study in 2002 the pathologist in Phnom Penh, Dr. Vathana, has made
his own diagnosis on any case prior to submitting it via telepathology. The planned study we
try to analyse the development of the quality of these diagnoses. If the results are positive it
will indicate that telemedicine provides an efﬁcient tool for knowledge transfer and that on a
long-term basis the role of telemedicine may change from delivering primary dianogis towards
providing quality control.
16.2. Telecytology Study at NRH
During the telepathology project in Honiara the demand for diagnoses in cytology has become
more and more prominent. However, compared with tele-histology, there are very few doc-
umented experiences in tele-cytology. In order to evaluate the feasibility of telemedicine in
cytology the following controlled clinical study has been designed.
Control Study in Basel: A cytologist in Basel (L.Bubendorf) captures images from ran-
domly selected routine cytologyslides processed in the cytologylab at the Department of Pathol-
ogy in Basel. These images are placed on the iPath platform and evaluated independently by
four specialists (P.Dalquen, K.D.Kunze, P.Spieler, H.Neumann). These remote diagnoses will be
compared with each other as well as with the original diagnosis of the cytologist in Basel (gold
standard). So far, 170 specimen have been collected and remotely diagnosed independently by
the four specialists.
Cytology on Honiara: The laboratoryin Honiarahas startedto producecytologyslidesfrom
ﬁne needle aspirates and smears (gynae, sputum). These slides are processed and stained accord-
ing to a similar protocol as used in Basel. The slides are screened by the technicians/physicians
165in Honiara and they capture images of suspicious cells and place these images on the iPath server
at the University of Basel. The same collective of specialists as above will review the images and
make their diagnosis. Each pathologist will independently review all slides and images in order
to exclude intrer-obrsever differences.
During the duration study, the original slides are sent by air mail to the Queensland Pathologylab
in Brisbane, where they are reviewed by experienced cytologists. Thediagnoses ofthespecialists
in Brisbane will be regraded as gold standard and will be compared with the tele-diagnosis. If
possible the slides will also be retrospectively reviewed by at least one pathologist from Europe.
Expected Results: The prospective design of the study will allow us to establish the level
of quality possible and also to identify the weak parts in the process in order to identify what
training would be necessary and most effective to improve the quality.
16.3. Solomons Islands Telemedicine Network
Solomon Islands are a group of roughly one thousand islands, scattered overhundreds of kilome-
tres in the South-West Paciﬁc Ocean. Distances between islands are long and many islands are
very rugged and overland transport is extremely limited. These seem to be the typical precon-
ditions for the application of telemedicine. While the telepathology project1 had been running
for years and enabled over 450 international consultations between the National Referral Hos-
pital (NRH) in Honiara and the University of Basel, there has been little use of telemedicine
within Solomon Islands. The Swinfen Trust has installed telemedicine links in some provin-
cial hospitals[106, 142] which allow consultations with international specialists. Additionally,
there have been occasional consultations by email from provincial hospitals to the specialists at
NRH. However, with changing staff and a general shortage of doctors, tele-consultations based
on personal email were not sustainable on a long term.
In 2005 we were approached by the doctors of NRH with the idea of extending the network
that was established for telepathology to a general purpose telemedicine network available to the
whole health care system. At the same time specialists from the St. Vincents Hospital in Sydney,
Australia, were looking for ways of facilitating patient referrals from Honiara to Sydney. The
two countries have an agreement that a limited number of severely ill patients from Solomon
Islands can get treatment in Australia. The specialists from St. Vincent whished to have better
control overthe process of selecting patients that are eligiblefor the programme. In thepast there
had been patients referred whos medical condition was too advanced for receiving any treatment
beyond palliative care; a situation equally observed in other projects[84]. It is now envisaged to
use telemedicine to achieve a better selection of patients eligible for treatment in Australia.
Based on these two ideas a project for a Solomon Islands National Telemedicine Network is
being prepared. This network should include the following components:
1chapters 9 and 10
1661. Consultations between provincial health centres and NRH: submission of consultation
must be based on email as this is the only technology available. The People First Net-
work2, a UNDP-project enabling affordable and sustainable rural connectivity and facil-
itating information exchange between stakeholders and communities across the Solomon
Islands is operating a network of rural email stations, which could be used by the health
care staff.
2. Triage: if possible, consultations should be answered by the specialists at NRH. If no ap-
propriate consultant is available locally, an option to forward consultations to international
consultants must be previewed. All consultations should be triaged through NRH-staff to
ensure relevancy of replies for the rural clinics and to enable an educational beneﬁt for
NRH.
3. Referral planning: It is planned to utilise the telemedicine network as decision support
tool for selecting patients eligible for treatment at the St. Vincents hopistal in Sydney. The
network will enable different specialists to jointly review referral suggestions and to select
the most appropriate candidates.
4. Continuous Medical Education: In collaboration with People First Network’s project on
Distance Learning Centres, distance education for rural health care workers should be
implemented.
The major challenge of this project will be to place the NRH at the centre of the organisation
and to interlink all these activities with each other. In order to support the staff at NRH with
consultations from provincial health centres, it is previewed to collaborate with the specialists
from St. Vincents and other international specialists. In addition, the physicians at NRH would
like to use the telemedicine network to support and improve planning of patient referrals from
provincial health centres. The project will create a framework in which the stakeholders of the
Solomon Islands health care system will have a chance to learn and experience how the health
system could beneﬁt from available ICTs.
Australiaissupportinghealth systemsin manyof thesmallpaciﬁc countriesthrough itsAUSAID
programme and has several peace keeping forces stationed in the region (East Timor, Solomons).
Many private organisations in Australia are organising medical support for neighbouring coun-
tries through various ways. If successful, the Solomon Islands Telemedicine project may well
serve as a model how to utilise ICTs in order to improvecollaboration between developing coun-
tries in the South Paciﬁc region and Australia. Ideally, an international network of medical spe-
cialists could be shared between project in different countries and educational material prepared
for one country could be more easily made available to other countries.
2http://www.peopleﬁrst.net.sb/
167Figure 16.1.: Organisation of the Solomon Islands Telemedicine Network. At the centre of the
network is the National Referral Hospital on Honiara. All consultations from provincial health
centres are triaged by the staff at NRH. If possible, NRH staff will be answering the consultations.
Expert groups in different medical ﬁelds are previewed and will include international specialists to
support their patterns at NRH.
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A project proposal for submission to funding agencies is currently being prepared by the Depart-
ment of Health and the National Referral Hospital. The Australian NGO MedTechOutreach3 is
supporting the activities by providing training and organisational support for the medical spe-
cialists in Australia.
16.4. Uzbekistan Telemedicine Network Project
Uzbekistan, being one of the new Independent States, is confronted with numerous challenges
concerning research and education particularly in health care and in information and communi-
cation technologies (ICTs). Most scientists and researchers are facing difﬁcult a working envi-
ronment due to lack of funding and severe isolation from the international scientiﬁc community.
This project is addressing these problems in a multidisciplinaryway with an institutionalpartner-
ship between the Department of Pathology of the University of Basel and the Republican Centre
of Pathology of the Ministry of Health and the Institute for Informatics of the Academy of Sci-
ences in Tashkent. The main purpose of the project is establishing a clinical and educational
telemedicine network between Uzbekistan and Switzerland as a tool for exchange of information
and knowledge.
Pathologists in Uzbekistan will be able to use the network for clinical consultations with pathol-
ogist worldwide in order to improve their skills in diagnostics and teaching and to foster their
participation in the international scientiﬁc community.
A regional telemedicine network for Uzbekistan will be set up and operated by the national In-
stitute for Informatics in Tashkent. The network will be based on the open-source telemedicine
platformiPath developedat theDepartment ofPathologyoftheUniversityof Basel. Theinvolve-
ment of the Institute for Informatics will ensure a long term sustainability of the telemedicine
network beyond the duration of this particular project and will allow the Institute of Informatics
to make the network available and useful to specialists from other medical ﬁelds (dermatology,
radiology, etc.) which may equally proﬁt from this initiative.
Finally, the telemedicine link can be used for joint educational initiatives such as distance pre-
sentations and the joint development of educational material for teaching general pathology to
medical students in Uzbekistan. This will also include the application of telemedicine in inter-
disciplinary tumour board meetings and clinical pathological conferences where histological and
cytological diagnosws can be demonstrated and explained to the physicians who are treating the
patients.
The Uzbek telemedicine network will help the partners in Uzbekistan to become part of the in-
ternational scientiﬁc community – in the medical ﬁeld as well as in the ﬁeld of ICTs. Besides
the direct application of telemedicine, access to Internet and contacts with partners familiar with
3http://www.medtechoutreach.org/
169international scientiﬁc publishing, it is expected that the Uzbek partners can make more efﬁ-
cient use of available, evidence-based health information resources (e.g. through HINARI) and
eventually play an active part in international scientiﬁc publishing.
Current State
This project has been granted by the Swiss National Science Foundation within the SCOPES
program. It was started in January 2006
17017. Conclusions
A central part of this project consisted in the development of iPath, an Internet and email based
platform for telemedicine, based on a virtual community model. The combination of web and
email access to the same database has proven very efﬁcient for enabling distance collaboration
between partners with very different technical and medical backgrounds. The possibilityto inter-
act with the platform by email has ensured maximum accessibility of the platform with minimal
infrastructure requirements, while the more sophisticated web interface has ensured that a large
number of specialists can be easily organised into various virtual communities. The fact that
iPath is very user-friendly and has been developed to accommodate a large range of telemedicine
applications makes it an useful collaboration platform for groups of medical specialists within
industrialised nations. This has greatly contributed to recruiting highly qualiﬁed volunteering
specialists to accept occasional consultations from developing countries.
Two retrospective review studies in the ﬁeld of clinical pathology revealed that delivery of highly
accurate and timely diagnostic support for hospitals in developing countries is possible with rel-
atively simple technology. Organisation of the pathologists into a “virtual institute” – a separate
user group with a deﬁned duty plan – was a key factor for reducing the turn around-time to days
and often hours. This form of telemedicine can be highly recommended to organise support for
a remote hospital through an international group of volunteering specialists. Sharing of a com-
mon platform among numerous projects is useful for recruiting and organising specialists and
for reducing administrative overhead.
Besides improving individual diagnosis, telemedicine can be a very efﬁcient tool for supporting
geographically or professionally isolated health care providers by providing access to second
opinion consultations, continuous education and exchange of knowledge. In the long term this
contributes to the skills development of health care providers and will increase their capacity of
handlingmedicalproblemslocally. Togetherwiththepossibilitytoimprovereferral planningthis
is in our opinion the most signiﬁcant way in which telemedicine can contribute to strengthening
of health care systems at large.
Telemedicine should be understood in the context of health information access in general and
there is need for a shift of focus from isolated application towards integration of telemedicine
with distance learning and knowledge management, whereby the interactive and bi-directional
nature of telemedicine could play an important role in improving effective knowledge transfer.
Collaboration in virtual communities is a powerful way of supporting health providers in transi-
tion to evidence-based medicine.
Decentralised regional networks provide a promising approach to accommodate language bar-
riers and cultural differences and to improve the relevancy of content and consultations with
171respect to local context. The technical feasibility was tested with the installation of iPath-servers
in Ukraine and South Africa. In both projects the most critical factor for successful implemen-
tation and operation of telemedicine networks was not technology but organisation of work-ﬂow
and collaboration between all stakeholders. Continuous evaluation of activities regarding out-
come in terms of improvement of individual health status as well as knowledge transfer should
become part of such projects; and there is deﬁnitively a need for an international platform or
database for the exchange of experiences with telemedicine in resource-constrained areas.
The most promising direction for further research is in our opinion an effort towards integration
of different types of networks with different forms of distance collaboration and based on dif-
ferent existing technologies into a larger framework with a focus on continuous and sustainable
transfer of knowledge in all directions and between all stakeholders of a health system.
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